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(54) Us© of post-transcriptional gene silencing for identifying nucieic acid sequences that 
modulate the function of a ceJi 



(57) Described he? m ire wst idem 
nucleic acid sequences that modulate the function of a 
ceii, the expression of a gene in a ceil, or the biological 
activity of a target polypeptide in a caii. The methods 



involve the us i I blest i i RN,4 h ess on li- 
braries, doul - -vj!es,andpost-tran- 
scriptionat gene silencing techniques. 
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Description 

Background of ft a invention 

[0001] Then, itiot * torn* ds for identifying 
nucleic acid sequences that mediate the function of a 
cell, by me use of posi-transeripiional gene silencing, 
[0002] Double stranded RNA (dsRNA) has been 
shown to in ice seq t ncii 3 n 1 

numbs- of di fe t ms. Gen arming can oc- 
cur through various mechanisms, one of which is post- 
franscimf ion a! gene silencing {PTGS) at postnransenp- 
tionai jero - , lion oft arget focus is 

not affected, but the RNA half-life is decreased. The 
• ' ' 1 \d eh PT'^S occur sit. 1 oi yet clear 
Exogenous dsRNA has been shown to act as a potent 
inducer of P'f'GS in nematodes, frypsnoscmes, and in- 
sects, in addition, stupes m C. eiegans and DrosopMu 
show that a few molecules o* dsRNA per cell are suffi- 
cient to irigger a PT3S response. Furthermore, studies 
in mice have demonstrated thai risRNA can interfere 
With the expre g ryos 

[00033 There exists a need 10 identify molecules that 
tectiveiy r< 1 ession of genes in verte- 

bmtc p\h\ luting- ft . - .1 h-rt -Ta 
t n res? sose Su< h regulaf . 1 1 « 

regulation of expression from genes whose gene prod- 
ucts are detrimental to the cells. 

SMM^ry.of.Mj.oy.Mig.n 

[0004] In general the invention features high through- 
put methods of using PTGS to identify a nucleic acid 
sequence that modulates the function of a celt, gene ex- 
pression of a targe- nucleic acid, or the biological activity 
ot a target polypeptide. The method invo-ves the use of 
sped lyconstn t< NAfibrai i ved from a cell, 
for example, a primary eel; or a eel: line that has an ob- 
servable phem or I ' - 1 i vi, t; j an activ- 
ity medi tedt>> target { y r ic % > ifcemd gene e> 
p-ession} the; ate trarisfected into cells, to inhibit gene 
expression ft i expression alters the 

function of a cell, gene expression of a targe: nucleic 
acid, or the biological activity of a target polypeptide, 
and the ruciei e th r > 

uiatbn can he aoiiiy id ©d. The method may also 
t ilizarandomi ant enoe or a given se 

Quencs for which the -function is not known. Although 
th© use of FTG « i gy is known in the 

art. its use m screening techniques, as a escribed herein, 
is novel. 

[0005] Accordingly- ] " at: ' iV - espeo;. the invention teis-- 
tttres a method f ifyi \a j acid sequence 
thai modulates the function of a cell The method in- 
volves {a) iran 1 1 I ells with a dou- 
I stranded RNA expression library where the library 
is oer ^e J om ^ v £ t '--II t ti e 
j opi of ceil t } transfc edwnt fiffemnt 



nucleic acto ro j 1 Aexi 
library, and where th< ■■ si icidls apable of forming 
double stranded R \ I ie.il looting fct j cell 
in which the nucleic ao s < intheceli am>(c) 

s assaying for a modulation n the function of the cc». 
wherein an 11 d 1 ieic id sequence 
that modulates the function of a cell 
[0096] In a d 1 1 gmb> *mi < tt e first aspect 
0 tn e in vent ion r sat \ la-ion n he func 

« tion of 5 ll f 1 metilit ->or 0 

sis, ceil gtowth cett invasion. vascularization, cell cyde 
events, cell differentiation cell dedirie mediation, neuro- 
n il g< ne? d 31 oi lit ability f 3 cell to suppot 
virai replication. 

"5 (0007| In a second aspect, the invention features a 
roethodfor demising a nucleic icid - , e that mod 
mates expression of a target nude* acid in a cell. The 
n In m, ^e trai 1 population of ceiis 
with a double stranded RNA expression library, where 
the library is derived from die oeiis. where at least two 
t 1 saree* ransformed with 

a different nucleic acid from the double stranded RNA 
« ion libra id is cap ble 

of forming double stranded RNA: (b)optionaliy selecting 

S5 for a cell in which the nucleic acid is expressed in the 
cell; and (c) assaying (or a modulation in the expression 
of a gene in the cell, where a modulation identifies a 
nucieic acid sequence that modulates expression of a 
target nucleic acid in a cell. 

■?o [0008] If 5 s desirable embodiment of the second as- 
pect of the invention, the tar get nucieic acid is assayed 
using DMA array technology, 

[0009] in a third aspect, the inventon features a meth- 
od for identifying a nucieic acid sequence that modu- 
e? tales the biological activity ot a targe; polypeptide in a 

ceil The method involves; (a) transforming a population 

of ceils with a cioub e etra 1 RNA xpr< ss on lint 11 / 
where the lib rat y « derived from the cells, whereat teas! 

1 1 sach transformed 

*o with a different nucleic acid from the double stranded 
RNA expression library, and where the nucieic acid fa 
capable ot fori . -1 1 RNA, ft r it ma > 

seise! mg tor a cell in which ;he nucieic acid is expressed 
in hoc id tc ssayinc .11 ul< ion i the bio- 
log real aotrvby of a taiget polypeptide at the ceil wherein 
a modulation identifies a nucieic acid sequence that 
rr -ntr jtes;be 3 n ivr 1 1 t 

{00103 In one embodiment of any of the above as- 
pects of the invention, in transforming step (a; the no- 
se clerc aed rs stably integrated into a chromosome of the 
cell, integration of fine nucleic acid may be random or 
sits- specific Desirably sdi« ed by re- 

combination or retrovira iserucn n sddrtton, desirably 
a single copy of the nuci add is ii teqrafed into the 
55 chromosome. In another embodiment of any of the 
above aspe< 1 1 in step 1 ) si It — 5( 

more desirably 100; 500; 1000; 10.000; or 60,000 cells 
of the popu! ion 0 1 I formed with a 
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different nucleic acid from the double stranded RNA ex- 
pression mm ir otf*e embodimv i t 
of ceils istrsnsfom ed •'■ at least 5%, mora desirably 
at least ?5%, 50%. 75%. or 90%.. and most desirably at 
least 95%. e f the double stranded RNA expressed li- 
brary in > at inothei so< rr er tl e method further 
involves id) identifying the nucleic acid sequence by 
amplifying and cloning the sentence. Desirably ampst- 
li eon t" v the usee f I i t 
ase chain reaction (PC Fit 

£0011] In other embodiments of any of ihs above as- 
p i - ffhi iven-ion-f.fi I ri RKA xpres 

sson library contains cONAs or randomised nucleic ac- 
ids. TK. cu J > i p on library may 
be a nuclear double stranded RNA expression library , 
ii wnrti ifi id is mad* 

in the nucleus. AHern ly s sti no d INA 

expression library may be a cytoplasmic double amend- 
ed RMA expression library, ; n vvhich case the double 
stranded nucleic acid is made in the cytoplasm in ad- 
dition the nucleic acid from !ho doeele sf-rsnded RNA 

expression library may be made in vitro or in vivo, in 
uditiu he ta i i i i 'i ij may fee 
located in the cytoplasm of the ceil. 
In still another embodiment of any el the above aspects 
of the invention . f he nucleic: acid is contained in a vector, 
for example- 3 ib nded RNA expression vector. 
The vector may fnen be transformebsuob Omul is stably 
integrated into a chromosome ef the cell, or it may fane ■ 
tion as m episomal (non-tn grated) ex res.s 
within the ceil. In one embodiment,, a vector that is inte- 
grated into a chromosome of the cell coma-is a promot- 
er operably linked to a nucleic acid encoding ahairpin or 
cioub rar ie RMA f 1 n « re it the ve 
tor does not contain a promoter operably linked to a nu- 
cieic ac;d encoding a double stranded RNA. In thlsiater 
embodiment, the vector integrates into a chromosome 
of a cell such -hat an endogenous promoter is operably 
(inked to m 1 ^rcc les a 

double stranded RNA. Desirably, fhe double stranded 
RNA expression vector comprises at least one RNA 
polymerase il promoter, for example, a human CMV-im- 
mediste early promoter (HCMV-iE) or a simian CMV 
iSCMV) promoter, at least one RMA polymerase 1 pro- 
moter, or at least one- RNA petymerase til promoter. T he 
promoter may also ee a T7 promote;-. In which (rase, the 
cell furtt 2r eo Itei nati\ sly. ft 

pr omoter may be an SP6 promoter, m which case, the 
cell feriner compn /met The promot* 
may also be one converger)! m' promoter and one con- 
vergent SPS promoter. A cell may be made re contain 
T7 or SP6 polymerase by transforming the cell with a 
T? polymerase c an Si- xp ass s ~ - * 

mid. respective ns >t >c rien a T7 promoter 
or a RNA t i linked to 

a nucleic acid mat encodes a small doable stranded 
RNA {e.g.. a double stranded RNA that is loss than 200. 
150, 100, 75, 50 or 25 ru • r 1 mgtth). in ether 
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cmte dim nt it il promo e 

that siiows lasmict i ftfte l oleic acid 
in the vector (see, for example, the mitochondria! pro- 
motsrsdesc 1 * 1 ; *5 April 18. 2000). 

s Alternatively, the promoter is an inducible promoter, 
such as a / c o nes v Development t5: 

t506-W17 ; 2001}, am (Khtebnikov et at., J BaeienoL 
2000 Dec;-62;,?4!:70.f?9-34;. ecdysone {Rheogene, 
www.rheogene.com), RLW8 (mefepristone) (cortices- 
« teroic antagonist) (Wang XJ, Liefer KM , Tsai 3, C'Malley 
BW : Roop DR. Pros Nat! Acad Sei U S A. 1899 Jul 20; 
96(15) 8483-8), or tet promoter {Randal et si., Hum 
Gene Ther. 2002 -Jan; 10(2) -335-42. and Lamarlina et 
at... Hum Gene Thar. 2002 Jan; 13(2): 190-210) era pro- 
's mater disclosed in WO 00/63364. filed April 1 8. 2000. 
Ir e irabir r • [ romet is tot 

induced ir il , II tie pi n ire eliminated 

from the ceil The vector may aiso comprise a selectable 
marker, ir ,j i may be used in com- 

20 biria-ion with t i , libit or proven! an interfer- 
on esponse c dr. iblc ided tress esponse 

as described herein. 

{0012] Desirably I < in o'tt e ibove 

aspects of the invention. Ida sense sfrand and the anfi- 

25 sense strand of the nucleic acid sequence are tran- 
scribed from tn ' r t t inc vs ) 
convergent promoters fn another desirable embodi- 
ment, in a vector for use in any of lbs above aspects of 
the invention, the nucleic acid sequence comprises an 

3o inverted repeat, such that upon transcription, the nucleic 
acid forms a double stranded RNA. 
[0013] in f.tiii other embodiments et any of the above 
aspects of the invention, the cell and the vector each 
further comprise a loxP site and site-specific integration 

tn e time a chromosome of the cell occurs 

i j s ' nation between the tcxP sites. In addi- 
tion step tb) of any of the above aspects of the invention 
fi thei invc vss reset ig it )md -hrc rgb Cr; 

mediated double recombination. 

4$ {0014) in stllifuttharembodtments of any of the above 
aspects of the invention, the identified nucleic acid se- 
quence is located in the nucleus of the cell Atterr.3«vely. 
the identified nucleic acid sequence may be located in 
the cytoplasm of the cell. 

■■5 {0015] ln> r , » k dirnentofany of the above 
aspects ef the invention, the nucleic acid imm the dou- 
ble stranded RMA expression library is at least 1 00, 500, 
600. or 1000 nucleotides m length, in other embodi- 
ments of any of the above aspects of the invention, the 

ss nucleic a-. - ■ RNA expression 

library is at least 10, 20, 30, 40. 50, 80, 70, 80. or 90 
nucleotides in length. In yet other embodiments, the 
number of nucleotides in the nucleic acid from the dou- 
ble stranded RNAexpre i i ib is between 5-100 

55 nucieotic~- i jo -x^hdes 

£ 511 nu ii c idr - > 3c il h 4 <,i 
Otides, 50 76 nucleotides, or 55-70 nucleotides, inclu- 
sive, in st other ei • 1 imber of nucle- 
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oitdes :n me nucleic amd from the double siren dec RNA 
expression library is contained in one of the following 
ranges: 5-15 nucleosides, 15-20 nucleotides, 20-25 nu- 
cieotkss S5 i ■ I! i - - r - C ") 

nucleotides. SO 70 nucleotides. 70-80 nucleotides. 
80-90 nucleotides, or 90-100 nucleotides, inclusive. In 
other embodiments, ihe nucleic acid contains ; ess than 
50,000,10.000 5,000, or 2,000 nucleotides in addition, 
the nuc eic ac J rem t v - i ' ' andr d RNA expres 
sior library m it is ess than a 

full length RNA sequence, 

[0616] in still further embodiments o? any of the above 
aspects of the invention, tne cell is a plant cell or an an- 
imal ceil. Desirably the animal celt it; a vertebrate or 
m I a human cell. The < -II 

may be ex vivo or in vivo, "he celt may be a gamete or 
a somatc celt, for example, a cancer cess, a stem cell, a 
coil of ihe immune system, a neuronal cell, a muscle 
cell, or an adipocyte, 

[0017] Ti&nsf i sti fection of the cell may oc- 

r n tl ougf 3 i i din cut not n ted 

to. infection. D£Afc-d«xttan-rr.ediated irar-stection, 
oinject c i tsiom calcium phosol «o 
iii i. vire « «i deliver* sctr operation 
or btol:st!C transformation. The RNA or RNA expression 
vector {OH A) may be naked RNA or DNA or local anes- 
thetic complexed RNA or ONA (Paohuk c-t at., Slochim. 
Biophys. Acta 1468:20-30, 2000). in another embodi- 
ment, the eel! is not a C. etegansceli Desirably the ver- 
tebrate or mammalian ceil has freer; cultured foe only a 
small number of passages {e.g., less Tan 30 passages 
of a eel line thai has been directly obtained from Amer- 
ican Type Culture Collection) or are primary cells. De- 
sirably Tevertf ra > smm « ■ i is transformed 
With nucleic acids thai arc not complexed with caPonc 
lipids. 

[0018] ii yet the 1 < my of the above 

c ;ll and is generated t ling a population 

o' ■> iter cc { with tt • iexpt sssing •» 

selectable marker and a reporter gene, and comprising 
a'me'Mte h-r nrj'i m 1 ir wh I Hi [ i 
is stably integrated: and (c) selecting fore cell in which 
one copy of the plasmid is stably integrated in a tram 
scopttonaiiy active -ecus Qesirabfy the selectable mark- 
er is G418 sad She reporter gene is green fluorescent 
protein (GFPJ. 

[0013] Iran diment of the above is 

pacts of Ihe invt p-genea i jo-ibis stranded 
expression library comprises, fa) isolating RNA from « 
cell (b) syntb ng t 1 in it step a) 

and at cloning each oDNA into < vector Desirably ct 
NA synthesis is . ptim ,vj i id/or sfce selected for the 
y im a ion anr I As that are a least 

100, 000, GOO, or 1000 nucleotides in length in other 
embodiments, the cDNAs are teas} 10, 20, 30, 40, 50, 
60. 70. 80, ot SO nucleotides in length. In yet other em- 
bodiments, the number of nucleotides in the cDNAs is 



between 5-1 >tides, 20 9J 

nucleotides, 25-90 nucleotides, 35-85 nucleotides, 
46-80 nucleotides, 50-75 nucleotides, or 55-70 nucle- 
otides -ncusive Inst s the numbs 

s of nucleotides to she : sd i one c f the 

following anq in i ' O jr\ ides 

20-25 nucleotides, 25-35 nucleotides, 35-45 nucle- 
otides, 45-80 f ' irotides 70-80 no 
ctemides. 80-90 nucleotides ot «• 100 nucleotides, in - 

w elusive, tn other embodiments, the cDNAs contain less 
thanSO.OOG; 10,000, 5,000; or 2.000 nucleotides, in ad- 
dition, the eDNA may encode an RNA fragment that: is 
lessthsn fall ' i 0 • sirably the vector comprises two 
convergent T? promoters, two convergent SP8 promot- 

»5 cs xone u T and one snvargent 

SPi } c eoter t tli ' rna icl/or a I >xP$ « 
[0020] tn an additional emeoOimeo- of aay of the 
above aspects of the invention, the method is carried 
out under conditions that I preven jmrtcrfoion 

rsc response or double straridea RNA stress response. 
[0021] in a fourth aspect toe invention features a 

method tor identifying a nucleic acid sequence that mod- 
u ites ti e h iction 3f a c I! inv Iv ig a) me storming 
a population of celts wit a <s loo RNA that s 

35 df3r:vi I from he c< i \ i - I selecting for * cell 
in which he nude i press «J{c) ss tyi »g 
for a modulation in Ihe function ot the cell, wherein the 
f ' i nucleic acids xjuer ee fiat i tc 1 

mates the function of a cell wherein me method is ds- 

30 sirably carried cut under conditions that inhibit or pre- 
vent an interferon response or double stranded RNA 
stress response. 

f .'I l i i i I f i t 1 1 ) 

of the inve it on ass ay i , latton in the fitne- 

ss tion of a ceil composes measuring cell motility, e.popto- 
sis, cell growth, ceil invasion, vascularization, cell cycle 
events, ceil differentiation, ceil dedifferontiallom neuro- 
nal ceil regeneration, or She ability of a eel! to support 
viral replication, 
ee (0033| In a fifth aspect, the invention features a moth • 
od for identifying a nucleic acid sequence that modu- 
lates expression ot a target nucleic acid m a cell, involv- 
ing: fa) transforming a population of ceils with a double 
stranded RNA that is derived from the colts. {b)opflonaiiy 

-m £ it f [ CO I i At t flSOXpK 

and (c) assaying for a modulation in the expression of 
the gene tn the ceil, wherein the modulation idenafies a 
nucleic acid sequence thai modulates expression cf a 
target nucleic acid in a ce». wherein the method is de- 
es siinbiy carried out under conditions mat inhibit or pre- 
vent an interferon response or double stranded RNA 
stress response. 

[0024J In a desirable embodiment of the fifth aspect 
of the invention, he ta * assayed using 

55 DMA array technology. 

JTO25} In a stem aspect, the invention features a meth- 
od for identifying f 1 icid sequence tn mode 
tales the bit og < t v farg olypeptide in a 



4 



7 



EP 1 229 134 A2 



cell, rm oh ngr fa) a i > Dpi or it ce s with 

s double s:r r r - for tie ceils: 

i ior:aih cting t i ! i 
is expressed in the cell end to) assaying tor a modula- 
tion In the biologies: activity of a target polypeptide In 
the celt wherein the modulation identifies a nucleic acid 
sequence thai modulates me biological activity of a tar- 
get polypeptide in a cell, wherein the method is- desirably 
carried out under conditions tea; : nnibe or prevent an 
interferon response or dc die i idsd RNA stress re- 
sponse, 

[00263 In a seventh aspect, the invention features a 
method for identifying a nucleic add sequence that mod- 
ulates hie Junction of a cell, involving (a) transforming 
i i i tt > lOod RNA L; 

optionally selecting tor a cell in which the nucleic acid is 
xf essed n j r xi t i i tr e 

fur ;!«>r me cell. Desir y. the lafion ider tfies 
a nucleic acid sequence that modulates the function of 
a ceil, wherein the method is desirably carr ied out under 
conditions Shut or prevent an interferon response or dou- 
ble stranded RNA stress response. 
[0027] If . i as- 

pect of trie invention, assaying tor a modulation in the 
f (Rdior c iprls ill m >ti y ap 

optosls. cell growth, ceii invasion vascularization, eel! 
cycle events ceii ditferenliation, ceii deccteeomiation, 
ilceilregi vat on oi the at \ el a ceii {> set. 
port viral replication. 

[00283 in a eighth aspect, the invention features a 
c J sequence that mod- 
ulates expression of a target nucleic acid In a ceii. in- 
vofvi.og: {a} transforming a population of ceils with adou- 
- cell in 

whfcn tt e i ic e id n nd eg i c r \ti i 

for a modtj lation in the expression of the gene in the cell, 
wherein the n lulatioi mil i nucleic ac e se- 
ntience t 

seid in a cell, Desirably the method is carried out under 
conditions that Inhibit or prevent an interferon response 
or double stranded RNA stress response. 
[0023] In a d it mar nt br e gi hasp* t 

of me invention, the target nucleic acid is assayed using 
DMA array technology. 

[0030] in a ninth aspect, the invention features a 
nis hod idem! nga no - fat x ice ft i i od 
[.nates the biological activity of a forget polypeptide in a 
ceii. Involving-. ( msfoi i >t , dron of coirs with 
a double stranded RNA optional ectif tj tot jcetl 
in which the nucleic acid is expressed in the ceil; and fc) 
assaying for a modulation in the biological activity of a 
target polypeptide in the cell, wherein the modulation 
idsnt: 

biological activity of taig c r. jo in a cell. Desir- 
ably the method scat ie out if t i 
mot; cr prevent an loterft - oubie stranded 

RNA stress response. 

[0031] Ir >n< ibo< >f tm> >f nt < oova as 



pects of the - 2 more des i 

ably 50; 100: 500; 1000: 10.000: or 50.000 cells o? the 
population uf cc sareeai i rmed v, iad feroi t 
double stranded RNA from a. double stranded RNA ex- 

s pression ttbrary. Desirably, at most one double stranded 
RNA it iser j ich c< In other embodiments 
I) a >p ifafion sfo <> tl d «ast 5%, 

more desirabty at least 25%, 50%, 75%, or 90%, and 
most des < i ted RNA 

w exptessior- br&fv n > ment of any of 

the fourth filth, or sixth aspects of the invention, the 
method further involves, (d) idenlifying rhe nucleic acid 
sequence by at \ i nog squen ie 

;ii -tt iy imp icat voives th est < 

»5 the polymerase chain reaction (PCR). 

[O0S2J In a tenth aspect the inv sntfcm features a cell 
- ipopi rt mi if r stCatexc rt double stranded 

f j Mate a wm ion of he eel (a) modu- 
lates t! Fti tint j . len- 

20 dogenoas or pathogen gene; In lite cell, and/or (Hi) mod- 
urates the bii ngical start protein (e.g., an 

gsnoe « protein) in the xll Posit it , 

the ceil cental ily on < - > ecies of double 
stranded RNA or only one copy of a double stranded 

& RNA expression vector (e. p. a stably integrated vector). 
Desirably, the cell or population of celrs is produced us- 
ing one of more methods of the invention. In other em- 
t j stranded RNA is ext. ess >d un- 

der conditions that inaibif or prevent an Interferon ra- 

so sponse or a double stranded RNA stress response 
[0033) In other embodiments el any of tee fourth, fifth, 
sixth, seventh, eighth, ninth, or tenth aspects of the in- 
vention, the double stranded RNA is derived from cD- 
NAs or randorrwed true! i ids. I idition. the double 

35 stranded RNA may be a cytopl mfc double stranded 
' rjceic aco s 
od R\ A may 

be made in vitro & in vice in adecicn. -he identified nu- 
cleic acid sequence may be located in the cytoplasm of 
■w the cell. 

j ) S£] > Ji i H if i, of the earth, 

fifth, sixth, seventh, eighth, mmh. or tenth aspects of the 
invention the nucleic ac:d ts contained in a vector, for 
xampi i 1 fAox 1 

■■■■ is capable of forming a double stranded RNA. Desirably 
the double stranded RNA expression vector comprises 
at least one promoter The promoter may be a T? pro- 
moter, in which case, the eel! further comprises T7 
polymettis< i t iyb< n SP8 

SB promoter in which case, the cell fetches composes S^S 
polymerase. The promote 1 may also be cne convergent 
17 promoter and one convergent SP6 promoter. A cell 
maybe made tocorea.m 77 or S^s polymerase by trans- 
forming the cell with a T7 polymerase or an SP6 

55 polymei ise ctiveiy. The vec- 

tc may also comcese a seiectaole marker fo-- example 
hygromycin. 

[00351 Desti > l • :ter for use in any oft he fourth 
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t tr sivth 3Cv tft or tenth aspects of the 

invention resei i m< tisense strand of 
the nucleic acid sequence are transcribed from the 
same nucleic ) c ueriee usmg tv< i jwergen pro- 
m inanot t in a vector fc 

use in any of t < ci c f h in ention the 

in .mi i v ■ . f if> es an it verted repeat, 
such that upon transcription, the nucleic acid forms a 
double stranded RNA. 

[0036] fr y t - s ' he forth 

fifth, sixth, seventh, eighth, ninth, or tenth aspects of the 
invention, the double stranded RNA is at least 100, 500, 
600, or 1000 nucleotides in length in other embods- 
f tc it jf nny i ;i> nip, t cf the 

invention, the double stranded RNA is at feast 10, 20, 
SO, 40, 50, 60. 70, 80. or 90 nucleotides in length, to yet 
c h i "i ibodirn r ber c nucit o id ;s in the 
double stranded RNA is between 6-100 nucleotides. 
15-100 nee sotf i 5 ^ > tucle 

oitdes. 35-85 nucleotides, 46-80 nucleotides, 50-75 nu- 
cleotides, or 50-70 nucleotides, inclusive. In sell other 
embodiments, the number of nucleotides to the double 
stranded RNA it contained m one of the following rang- 
es; 5-16 nucleotides, 15-20 nucleotides, 20-25 nucle- 
otides, 25-35 nucleotides. 35-45 nucleotides. 45-60 nu- 
cleotides, 60-70 nucleotides, 70-80 nucleotides. 80-90 
nucleotides, or 80-1 00 nucleotides, inclusive. In other 
embodiments, the doubie stranded RNA contains less 
than 50,000;, 10,000; 6,000; or2,000 nucleotides, in ad- 
dition, the douole stranded RNA may contain a se- 
quence that is toss than a full length RNA sequence, 
[0037] If sti boditnents of any of the fourth, 

fifth, sixth, seventh, eighth ninth, or tenth aspects of the 
invention, the cell is a plant ceil ot en animal cell. Desir- 
ably the an m i .a , bt He or r v. t m ,j f n cell, 
for example, a human cell. The cell may be ex vivo or in 



■}. The 



system eneui it -co cell or an adipocyte, 

[0038] in other embodiments ot any of the first, sec- 
end, third, seventh, eignth. ninth, m torch aspects of trie 
invention, the double stranded RNA is derived from a 
cell or 3 population of cells and used to transform an- 
other celt population ot either the same cell type or a 
different cell type. Irs desieaole embodiments, the trans- 
formed ceii population conJains ceils of a ceil type that 
t ,r 5 of the -c S f om which the dou- 
ble stranded RNA was dewed (&<?., the transformation 
of cells of one r ieubte sti no 

ed RNA eeflved tromoeiis of another neuronal cell type';. 
In yet other embodiments of any of these aspects, the 
double stranded RNA contains one or more contiguous 
e n n-eon igu< i >r i m tr lem ed {e.g 

by chemical or ere'tytct e i eg a mixture of 

nucleotides thai may be added at the randomized posi- 
tion) n still o . mf rite v he doub e stranded 
RNA s r r c rt h segmet ef 

ni )nur e - id m rdec 1 it >r * tides are gated 



tc totm th - rioubie st ended RNA 
[003§] in other embodiments of any ot various as- 
pects of the inventit o ; J RNA soc ;if 
ically hybridizes fo a target nucleic acid but dees not 

s substantially hybrdizo to non-target molecules, which 
include other nucleic acids in the ceii or biological sam- 
ple having a si pence oat s ess In 1 99 * '0 ■•• 
or 70% identical or complementary lo that of the targe; 
nucleic acid. Desirably, the amount of the these non-tar- 

w getmclecules hybridized to, or associated with, the dou- 
bles mod if-,- 1 (standard essays 
is 2-fold, desirably 5-fold, mere desirably 10-fold, and 
most desirably 50-m;d fewer than the amount of fhe tar- 
get nucleic acid hybridized to, or associated with, the 

is double stranded RNA In ether embodiments, the 
amount of a target nucleic acid hybridized to, or assoei- 
-, ci wit h r Rf i iredu rnq 

til hi i a i i i ;i i r j d i 

ably 10-fold, and most desirably 50-fold greater than fhe 

•re amount of a control nucleic acid hybridized to. or asso- 
ciated with the double stranded RNA Desirably, the 
double stranded RNA only hybridizes to one target nu- 
cleic -tc J from 5ll under staring Ugh stringency 
hybridization conditions in certain embodiments, the 

35 double siren ' < bom w is tag 

at least 80, 80, 95, SB.or 1 00% homologous) to only one 
target nucleic acid from a coll, in other embodiments, 
the double stranded RNA is homologous to multiple 
RNAs, such as RNAs from the same gene family. In yet: 

3o other embodiments, the double stranded RNA is homol- 
ogous lo distinctly different mRNA sequences from 

)1 are sin t ted &g nc^ 'bp r ml 
chromatin remodeling, or stress response induced). In 
other embodiments, (tie doable sttarideo RNA is oomot- 



r (x east into 'a k s< dis; 

least 2, 5, 1 0. 20, or 60 fold greater than the percent 

-re decrease in the expression of a note target or control no ■ 
oleic acid Desirably, fhe dot-Die stranded RNA inhibits 
the expression of a target nucleic acid but has negligible, 
if any, effect on the expression of other nucfeic acids in 
the ceil. Examples of control nucleic acids include nu- 

■■■5 oleic acids whh a random sequence or nucleic acids 
known to have tittle. rf any. affinity for the double strand- 
ed RNA, 

[0040J to other embodiments of any of various as- 
pects of toe invention, at most one molecular species of 

r-J i 1 MA is inserted in 1 In off 

embodiments, al most one vector is stably integrated 
into the genome of each cell, in various embodiments, 
the double stranded RNA Is active in the nucleus of the 
transformed cell and'ot is active in itte cytoplasm of die 

ss transformed ceil, fn varfoi i i its. at Iras' 1 10 
20, 50, 100, 500, or 1000 ceils or all of the cells in the 
popjlatiot 3 e > 
a doubie stranded RNA. in some embodiments, at (east 
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1, 10, 20, 60, tea goo, of 1000 cells of all of the cells 
in the population are assayed for a modulation in the 
funclioi thecal, a mot i f xprassicn of a 
larger nucleic acid (s g.. an endogenous or pathogen 
gone} in the cell, and/or a modulation in ids biological 
activity of a target protein {e.g.. an endogenous or path- 
ogen protein) in the ceil. 

[0041] If ithei ■ i i u s tt ; h i We tree Iti 
RNA ot oout . j i v Kf vector is com 

piexed with one or ncm i i tic ik am 

phiphiiss, such as the compositions disclosed in US 
filed October 29, 1987), US 
, tiled April 16, 1991) or US 



4897,355 (Eppstei 
5,264,618 (Feigner 
5,459.12? (Feigner 



:doub! strand. 



>sf 16, 1393). In 
i RNA or double 



to dec 



with a 



stmnded BN* v I nt i hundreds to thou- 
sands of doodle stranded RNA expression cassettes, 
with concern lant i <f ex.-tt^stjrt 
cassettes. In the double stranded RNA expression sys- 
tem of the present invention, double stranded RNA 
(dsRNA expression casset i a .Mthtr the ex- 

pression vector integrate into the chromosome ot the 
transfected < 5 Das bl ev , tie m «J cell ir e 
grates one of to doe I 21 - exp sion cassettes 
Through expansiof 1 I "ell ep somal 
(non-integrated) expression vectors are diluted out Ql 
the cell over dm D suet , t t < wours until 
the episoma 1 - 1 iiit t< i it 0 lie 

coll sccti that not mere than S epiaomal vectors remain 



iipesornes/Spcsorclccempcsihori that mcardes a cation - 
ic lipid and opi r;al;yincl i oohx component such 
as a neutral lipid (see. for example, US 5,279,833 
(Rose), US 5,283,165 (Eparai), and US 5,932,241). It) 
yet ether embodiments, tec doable stranded RNA or 
double stranded SNA expression vector is complexes 
wtth any other composition mat is devised by otto of or- 
dinary skill in tt fields; 0! rt i arid molecular 
biology. 

[0042] Desirably, the double stranded RNA specifical- 
ly hybridizes to a target nucleic acid out does not sub- 
stantially hybtidlw to non-target molecules, which in- 
clude eth 

having a sequence that is less than 93, 35, 80, 80, or 
70 % identical to or complementary to that of the target 
nucleic acid. In other embodiments, the perceni de- 
crease in the expression of a target nucleic acid is at 
least 2. 5, 10. SO Of 50 had greater then trie percent 
decrease in the expression ot a nen Camst or centre I no - 



v the 0| 



etas 



i pi ■ 

mdilt ;e 



0} tt 



cell in or v tan iritegraiec - r cassette to 
mains The time it takes for ail episomal vectors to be 
removed horn the cell ts proportional to the replication 

-'a rate of the transformed ceil, and is generally on the eidei 
of two to sev id grown The 

numbers of copses 0? a dsRNA molecule in a trans- 
formed eel! can be detetmined using, tor example 5 , 
standard PGR techniques, and thereby, the number of 

& episomal vectors in a given cell can be monitored 
[0045] Once a stable Infegran! containing five or few- 
er, and dc, 1 vectors, tran- 
scription is induced, allowing els RNA to be expressed in 
the cells. This method ensures that, if desired, only one 

so species or not more than about five species of dsRNA 
is expressed per cell, as opposed io other methods that 
express hundreds to ihoosanos of double stranded ;;pe- 

[0046] I 1 1 t at < a in otherdoubie 

35 stranded expression systen i . NA delivery sys- 



the expre 



n the 



sold . ■ 1 c hi 
[0043] T 

car through a variety ot means including, but not limited 
to, apoteciioe, DSAS-cfextran-mediateci transaction, 
microinjection, protoplast fusion, cascium phosphate 
p 00 p t ttun viral orfetfovii ol roper 1 mn 

or bfollstic transfonnation. The RNA or RNA expression 
vector (ON A) may be naked RNA ot DNA or local anes- 
thetic comptexed RNA or DNA fPaehuk mm.., supra) in 
yet another embodiment, the coll ts not a C. ciegansceW. 
Desirably Ihe vertebrate or mamma-tan cell nas been 
cultured f t t l\ - 1 -1 y - (e g less 

than 30 passages ei a cell line that has been directly 
obtained tram American TypeCuItu re Collection), orate 
1 im t cits 11 1 ii tl ly the vet rot tie 

m&mmafiari call is transformed with double stranded 
RNA that is no; completed with eationic lipids. 
[0044] The mg described he'e > 

provide advantages to other double stranded expres- 
sion systems Fc >% ig tra ts oi si >n of the double 



action 



transcriptional gene siienetng events . induction of an in • 
terfsron response is ;iot desired, as this eeald lead to 
cell death ane possibly to the prevention or gens Silenc- 
ing. An additional advantage 0? the present Invention ss 
that no 0 Rtv 1 teiivciy met c ood hi roir e 
porfonned u 1 r nt ponseis nhibaad 

or prevented. 

[0047] One ot the components of an interferon re- 
sponse ts the induction ot the intcderon-tneucee protein 
kinase PKR (Jaramillo state, supta) Suppression of the 
interferon response and/or the PKR response using 
techniques described herein, is desired in tne ceils tar- 
geted ft 1 i PTGS event in the e 1 n 
in e let ir resp da 0 ivteth- 
cds lor suppressing an interferon response or dsRNA 
stress response can be ase-d in combination with any or 
the methods for identifying a nucleic acid sequence thai 
modulates the function of a cell, gone expression in a 
calf, or the biological activity of a target polypeptide. 



7 
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[0048] Then hods of tl - i nveMiort provide 
a moans nigh th j i J nuc sieacid 

sc ren s i» t t i ctionofa ell 

the expression of a target nucleic acid in a cell or the 
t tvit> 1 1 ie in a ceil. By 

1 ansfonriinq; tadoa stmt i* t 

RNA expression library, ine affects of many PIGS 
events on cell function, expression of a target nucleic 
add in a eel rtbeblolog . > , argef poiypep 
tide in a era 1 usty hereby 

i wing U r p id i tion of the nut eic icid se- 
quence involveo in a cell function, target nucleic acid 
expression, ot cavity eta far je pc y et pti< 

of interest. 

[0049] By "nucieic acid." ''nucieic acid sequence." 
"double stranded RNA nucleic acici sequence," or "ciou- 
ble stranded RNA nuclei acid" is meant a nucleic acid 
or 3 port-on thereof titer is free of the genes that, in the 
naturally-occurring genome of tire organism from which 
trie nucleic acid sequence of toe invention is derived, 
hard ht n v "net rn t ides for exam- 

pie, a recombinant DNA, with ot without »' or 3' flanking 
sequences th for ex so 

pie. a double stranded RNA expression vector; info an 
i or virus, or into the 
genomic DNA of a prokaryote oreukaryote: or which ex- 
ists as a soparate molecule {e.g., a cQNA or a genomic 
w cDNA fragment produced by PGR or restriction ert- 
r • f i )irir.t em i , o oihei sequel st s 

[OOSO] By 'double stranded RNA" is meant a nucleic 
acid containing a region of two or more nucleotides that 
are in a double stranded conformation, in various em- 
bodiments, the double stranded RNA consists entirely 
of ribonucleotides or consists of a mixture of ribonucle- 
otides and dsoxynucleotides. such as the RNA/DNA hy- 
brids disclosed, for example, by WO 00/6336-1. hied 
April 18, 2000 or U.S.S.N. 60/130.377, filed Apti! 21. 
1 339. The doubie stranded RNA may be a s ; nrjie mole- 
cule w hi< t p y such that m 
cieotides in one segment of the molecule base pair with 
nucleotides in another segment of the molecule. In var- 
ious ami lime is. abou i A that = s 
of a single molecule consists entirely of ribonucleotides 
or includes a region of ribonucleotides that is compli- 
mentary to a reg , < 1 fid Altera 
lively the doodle branded RNA may include two differ- 
ent strands tnat have a region of complimentary to 
each other in various en bom strands cotv 

t entirely of i r one strand cornels ei 

tirely of n ^nucleotides and one snand consists entirely 
oi dsoxytibenucieotides or one or both strands contain 
a mixture of ribonucleotides and deoxyribomicleotides 
Desirably, th i i ire t teas o 

SO. 90, 3£ °S v' . the 
region >f the d RNA lat s present i i 

doub strandec nation ncludes at easts, *0. 
20; 30. 60. 78,100,200,500, 1000, 2000 or 5000 nucie- 
o td -or ii h tt i leotides in a cDNA being 



'1 j - 4 o i j i iP 1 v - i 

bodimentS; the I -?s RNA dees not contain 

any s nglo stranaed reg , e stranded 

en«s. orthe double strat ft airpin. Desirable 

s RNATO A hybrids include a DNA tran egiot 
is nat i n on {e.g. ha at I it 3 SC 

90 95 88. c; 100' , complimentary to a target nucleic 
acid) and an RNA strand or region thai is an sense 
strand or region ie.g. has at least 70, 80, 90. 95, 58, or 

w 100% identity to a target nucleic acid). In various em- 
bodiments the RMA'DNA hybrid is mad© in vino using 
enzymatic shemiea u i i such as those 
described 1 ■ ir e ts^ - -o, » v.O 00763364, 
filed April 19. 2000 or U.S.S.N. 60/130,377; filed April 

"5 21 , 1999. In other embodiments, a DNA strand synthe- 
sized in vitro is ecmplexed with an RNA strand made in 
vivo or in vitro before, after or concurrent with the trans- 
formailon of the DNA strand into the cell, in yet other 
ombedime its the double rancled RN A is a singte clr- 

20 cular nucleic acid containing a sense and an anilsense 
region, or th i tra hides a cirenla 

< i iar nucleic r -td >t 

a linear nucleic acid {see, for example. WO 00/53354, 
filed April 19, 2000 or U.S.S.N. 60/130,377, filed April 

& 21 , 1999 } exemplary circular nucieic acids include lariat 
slruotures in which tne bee 6 : phospboryl group of a nu- 
cleotide becomes linked to the 2' hydroxy! group of m 
other nucleotide in a loop back fashion. 
10051] In other embodiments, the double stranded 

3o rna includes one or more modified nucleotides in which 
the 2' posilion in the sugar contains a halogen (such as 
fiourins group) or contains an alkcxy group (such as a 

- / >• i tit 
the stranded RNA in vitro ot in vivo compared to the cor- 

as responding double stranded RNA in which the corre- 
sponding 2' position contains a nydrcgen or an hydroxy) 
group. It; yet other embodiments, the double stranded 
RNA includes one or mote linkages between adjacent 
nucleotides other than a rraturaiiy-oc-cumng pnospnodi- 
ester linkage. Examples of such linkages include phos- 
phoramide >he , * rothit >te and phosphorodithioate 
linkages, in other embodiments, the double stranded 
RNA osteins one or «o capped - s disclosed 
for example, by WO 00/63364 hied April 19. 2000 or U. 

-'3 S.S.N. 60/1 30,377, fined April 2 ■ 1 999. in other embod- 
iments, the double stranded RNA contains coding se- 
quence or non-coding sequence, for example, a regu- 
latory sags N r„e ih v i 
a promoter, or a 5' or 3' u ntranslated region {UTR} of an 

55 mRNA). Additionally, the double stranded RNA can be 
any of the at r^' ■ I fad RNA mole- 

cules disclosed in WO 00/63364. filed April 19, 2000 
{see, for example, pages 8-22). Any of the double 
i J A - t - 1 i . i 

ss mu tnc 1 "t r I bed herein or tandan method 
suchssthos Ii £ >, 34, tiled April 19 

2000 (see, for exarnoie, pisges 16-22,). 
[0052} By "double slrand I RNA Kpression brary" 



15 
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or "dsRNA expression library" is meant a collection of 
nucleic acid ex| es oi -•' torst - mg nucleic acid 
sequences, for example. cDNA sequences or rand- 
t?drj i it pi afeot foil- 

ing a doDbls stranded RNA (dsRNA) upon expression 
of the nucleic acid se< i Desi ilj an d rb s 
stranded RNA expression library contains al least 
10,000 untcuss nucleic acid seuaenees mora? desirably 
at least SQ.OOQ: 1 00,000: or 500,000 unique nucleic acid 
lestrably aa cast 1.000,000 
unique nucleic .acid seouencas. By a "unique nucleic ac- 
id sequence" is mean! that a nucleic acid sequence of 
a double stranded RNA exors . iHbt ry has desirably 
less than 50%, more desirably lass than 25% or 20%. 
and most desirably less than 10% nucleic acid identity 
to ai tber uj it if a ioubie st at i< f 

RNA expression ftbrasy when the full length sequence 
an; cot tp tec > \\ me; l d 

using see jc k . sis ofa.-va.re with t a ccf.au t pa 
rarrtetcrs specified theaein (e.g. Sequence Analysis 
Software Package of tne Genetics Compter Group. 
University of t f i sin e » woto§y Cents 1710 
University Avenue, Maou.cn Wi 53705). This software 
program mat sinrii a a I y qn n j it 

grees of homology to various substitutions, deletions 
and other modifications. 

[0053] The preparation of cDNAs for the generation 
of double s-randea RNA expression libraries « de- 
scribed herein. A randomfeed nucleic acid library may 
also be generated as described in detail below. The dou- 
ble stranded RNA expression library may contain nucle- 
ic ac d sequences the- ate transci bed in fho nuctou oi 
tnaa.a a itf yt< asinc tf i > II A J ible 

strar us- 
ing techniques described herein 
[0054] By "target nucleic acid" is meant a nucleic acid 
seq jncewh iasa esult of 

target nucleic acta may be in the cell in which the FTGS 
event occurs or it may be in a neighboring cell or in a 
call contacted with media or other extracellular fluid in 
which the eel! that has undergone the PTGS event is 
contained Exemplary target nucleic acids include nu- 
cleic ados associated with cancer or abnormal eel! 
growth sash j , e-s, and nucleic icids assoc 



e i * ti < 



i act os 



1 >i ; in the c at iS ever 

occurs or It m zbeiuaoeig o oaceiloom 

tscted with met i > lai fluid It which the 
cell that has and a . ic the ! ' i ' 0. t i mi s contained 
[0056} As uscdhcrcm. by "tandomteed nucleic acids- 
Is meat it it. is tha ate ^ 
teas 100,500 ;s in length, eon 
structed from RNA isolated from a particular cell type. 
In other embodiments, the nucleic acids are al least 10, 
20, 30. 40, SO, 60, 70, 80, or 90 nucleotides in length. 
In yei other embodiments, the number of nucleotides in 
the nucleic acids Is between 5-100 nucleotides, 15-100 

35-85 nucleotides 45-80 nucleotides. 50-75 nuelo- 



.n;l oi 



bodiments. the number of nocieotuies in the nucleic ac- 
ids is contained in one of tha following ranges 5-15 nu- 
cleotides. 15-20 nucleotides, 20-25 nucleotides, 25-35 
nucleotides 35-45 nucleotides 45-60 nucleotides-, 
60-70 nucleotides 70-80 nucleotides. 80-90 nucle- 
otides or .40-100 nucleotides, inclusive In other embod- 
iments, the nucleic acids contain less than 50,000; 
10.000: 5,000, or 2.000 nucleotides A randomised nu- 
cleic acid library may be constructed in a number of 
ways. For example, it may be constoicted from existing 
cDNA libraries, in one example, the cDNA libraries are 
shua'1 h t i i chnoiogy of Max 

ygen Corp. The cDNA sequences are amplified using 
inefficient PCR odder by restricting elongation time or 
through the use of manganese. A library of recom- 
binants is created, and the library is finally amplified by 
PCR and cloned into vectors, in a second method, ex- 
jcDNAli - tar rvitt an no much a< 

to generate fragments of 10 to 300 base pairs. Alterna- 
tively i ct M' 3 ibrni i i- a, jenerat short- 
er fragments of, for example. 5 to 50 base pairs, 5 to 40 



so pa a 



tabor: 



Desirably, the double stranded Rid A mhmirsfno expres- 
sion of tin allele of a u is a mutation 

>$ ci 31 d wi! i 1 does not sut 

siHoliatty inhibit tne usher nilole of are nucleic acid (tap. 
an - ale Aitl o if t mi a ts with fa disot 

jcieic m n I j o t t 
cellular nucleic j nnu acid reqo re f 

tot (he it ©ctfon < paths pen such as 

a virus, bacteria, yeast, protozoa, or parasite. 
fW55j By " s s meant a pciyceptitie 

, " , i t ' ». result of pes 

t nsci a or r r « i i an the target 



tain 5' OH and 3' P0 4 groups, they are dephosphoryiat- 
ecl using a \ i c to past > a id pbosphoryi; ted us- 
ing c lyn iclecii t ds A ! jmen s e 
then hgeaed ro form larger molecules and are size se- 
lected m a tnmd example randomized nucleic acid li- 
braries arc created by using random priming of cDNA 
lib -ties {using rand hexar , Klenow) to qcn 
erase short fragments of 20 to 1 00 nucleotides. Aitema ■ 
h ntain.ror 
example, 5 to 50 nucleotides, 5 to 40 nucleotides. 6 to 
20 it si ?otides 6 t ■! i t 10 to 20 i tide- 
cades. Inclusive. T t t I ren jcilf a i 
ooraf r desired sized an fragmr at 
{0057j Alternatively, a randomized nucleic acid library 
can be generated from random sequences of oligonu- 
i. DNA or RNA oligonucleotides 
n -a, be prepared i random DMAs qui no s 
rr iy iso (ji i i i 1 1 i using tei n n al 
transferase in the pnssence o? all dlslTPa. Random RNA 
moleculesma^ beprepa mgNDPsandNDPphos- 
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). vi sc fh " - it . i f be 10 to 300 
bases in *rc i a ro<.n sequenc- 

es are usee; lha: contain, for example. 5 to 50 bases. 5 
to 40 bases, 5 to 20 bases, 5 to 1 0 bases, or 1 0 to 20 
bases, inclusive. The sequences are Itgaicd to term the 

, - jence ustn; FiN/ ligas Aiterna 
tnest eguen illv The t je 

nucleotides arc I 1 c! at the 5 $«ior usir j 
polynucleotide kinase or by chemical methods, prior to 
ligation enzymeticaity. Chemicai ligations can utilize a 5' 
PO ; . and a 3' OH group or a5' OH and a 3" P0 4 group, 
[0058] Alt n i r 1 a i marv 

an be general 9 tb idem DNA s 

x jor „ nta j \ f A polymerase 

i 1 JTPar J nertc primee > 

the RNA sequences are convened into dsOMA se- 
quences by reverse transcriptase and Kiencw. After 
converting into ON A iso or ds) me sequences are then 
amplified by PGR. The dsONA fragments can atso be 
((gated to give iatget fragments of a desaea size 
[0059] The rand leie a ids n ay bi el >ned 

into a vector, tor example, an expression vector, as a 
deutne s t n d id RNA t an cript set e Tlx? se- 
quence of I he nucleic acid may not be known a; the time 
the vsdor is generated The randomized nucleic acid 
may contain coding sequence or non-coding sequence, 
ftoroxampse arog iialery s tquerce ;e..g a a inscription 
factor bindine see. a promoter. 01 a 5' or 3' untranslated 
region (UTRfcrf an mRNA). 

[0080] By "Crs-mediated double recombination" is 
meant two nucleic acid recombination events involving 
foxPsitss that are mediated by Cre recombinase A Ore- 
mediated double recombination event can occur, for ex- 
ample, as Hesitated in Fly. 1 

[0061] By "function of a cell" is meant any cell activity 
thai can be measured or assessed, Examples of cell 
function inclodi t 1 cf „ ;il n utility ap- 

optos.is. cell growth, ceil invasion. vascularization, eel! 
cyeit ents.ee ifte« hot J1 ft c < ttion 
neuronal ceil tegonetation and tfie ability of a cell to 
support viral replication ~ 1 function of a cell may also 
be to affect the function, gene expression, or the 
1 jical activity oi another cell, to exam 
pie, a neighboring cell, a ceil mat is contacted with the 
cell or a cell it f j or other ex 

fraceiiuiat fluid that the ceil is contained in. 
[0062] By mpopfosis" is meant a cat! death pathway 
svvit.ii idyihvi- JicoUw irt tk <i mam 
biochemical hallmarks that include cytolernmttl mem- 
tear: s blabbing, ceii soma shrinkage, chromatin con- 
dens her it ii ti, t md C '.A id r-bng 

Ft mo 11 mam il-i ya to tern ling the 

aooptctic stats of a cell, including, and not limited to: 
'i P etre 1 lye TUNEl - - nit 3 Am 
nexiti V staining, prapidium iodide staining, DfeA ladder- 
ing, PAHP clea g r ana assess 
merit 0 el ilf ofpholog At , of those 
or other known assays may be used in tne methods of 



the nvonticn < - , :t whether is unocrqofnq 
apeptosis. 

[OOSSj By olypeptid - >g - - ivfty' s mean! the 
ability cf a target polyp * Jia e cell function. 
■5 The level off yoeptldeb , ty may bo direct 
ly measured tg at . d 1 {& known in the art. 
For example, tne relative ieve! n polypeptide biological 
activity may tea essedby teasurii ) the level of the 
mRNAtU t frioq byre 

w verse transcription-polymerase chain reaction 
(R7-PCR) amplification or Northern blot analysis): the 
level of target polypeptide (ago by EL1SA or Western 
blot analysis}: the activity of a reporter gene under hie 
ranscrtpti 0 1 . f get pciyp tptide Pan- 
ts sc iptionai regi iry lion b porter get as 
say, as deseebed oelow; the specific interaction of a 
target pciypeptide with another molecule, for example, 
a polypeptide that ;:; activated by the target polypeptide 
o- that inhibits the targe; polypeptide activity fe.g.. by 
no the two-nybrld assay), or the phosphorylation or giyoo- 
syiahon state of ;ne target polypeptide. A compound, 
auci as a d R I tne leve tut trge 

polypeptide. rnRNA encoding the tat get polypeptides oi 
reporter gent; activity within a ceil, a cell exit act, or other 

05 experimental sample is a compound that stimulates or 
net asesfni t t a activity of a target polypeptide. 
A compound, such as a dsRNA, that decreases the level 

he tat peiypoj RNA ,! r uc una tie large 

polypeptide or reporter gene activity within a cell, a cell 
30 extract, or ether experimental sample is a compound 
that decreases the biological activity of a target polypep - 
tide. 

[0084] f 1 it g the effect of 

a treatment, be it chemical or physical, administered to 
35 whole animals, cells, tissues, or molecules derived 
therefrom. The matsrif jeing a /zee may be an sm 

cell, or a molecule heaved from a cell . The analysis may 
be, for example, tor the purpose of detecting altered ceil 
10 function . 1 on iltered endogenous 

RNA stability a :red pel ter. e staei y altered 
polypeptide levels or altered polypeptide biological ac- 
tivity The means fc m, y/ing may fade for exam 
pic. anhbody labeling rrnmunoeiocipitation pnospnot- 

6 ylation ass 1 ■- and methods 
known !o Ihose skilled in trie art for detecting nude* 
acids, in son- r fiment saying onducted en 

der selective conditions, 

[O0S5] By igtrtg i itne by t 

so dec s tss c an ra h 1 A.tj<, 1 1 i- t 
n c " icJ' nt r he k no ien -<i a c^ 

the expression of a target nucleic acid m a celt or trie 
blologica ac , epttdetnacellbyleast 

20%, more desirably by at least 30%, 40%, 50%, 30% 
55 or 75% and mos de 90% Also as 

usedheif 7 jeore increas- 

es the function 0? a celt, the expression of a target nu- 
cleic acid in a ceil, or 1 / of a target 
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polypq t m ~ 5 fold to 2 told, more 

desirably by at least 3-fold, and most desirably by at 
teas! 5-fold. 

[QOSSj By"s - - 3 in the level 

of. a) protein {e.g.. as measure** by BUS A or Western 
b r nrflv^ t porter g g ..t m< as- 

med by reporter gene assay, for example, p-galaclosi- 
dass, green tit r ent 1 1 oir . or tucife^se activity): 
c} mRNA (e.g., as measured by RT-PCR or Northern 
b-ot analysis relative to an internal control, such as a 
"housekeeping" gene product, for example, jj-8ct:n or 

i , v ■ 1 I It j J 1 

DH)j: or oft cef! function tor example, as essayed by the 
t jmbe >f apoptotje. i e. g so oyck wrest- 

h a 1 fit >r d r 1 0 mtisied < al in 
tes sen nallt s f 1 .« i nt cat by at 
feast 20%, mote desirably oy at least 30%, 40%, 50%. 
80%, 75%. and most desirably by at least 80%. As used 
herein, a decrease may be the direct or indirect result 
of PTQS. 

[0067} By "an increase" is meant a rise, in the level of' 
a) protein (e.g., as measured by £USA or Western blot 
analysis); b) reporter gene activity (e.g., as measured 
by reporter gene assay for ex amp!©. jcgaiactosidase, 
green f Kir m ni pr>1mr < r i, < - in yi ,imR- 

NA{e.<j„as measured by RT-PCR or Northern bio; anal- 
ysis relative to an internal control, such as a "house- 
keeping" gens product for example., p-actin or glycet- 
afdehyde 3-phosphaie dehydrogenase (GAPDH)); or d) 
ceil function, for example, as assayed by the number of 
apoptotic, mobile, growing, cell cycle arrested, invasive, 
. ed or dedifferentiated ceils in a tost sarnpfe. 
Desirably, the increase is by at least 1 .5-fold to 2-fold, 
more de$:rably by a; least 3-fold, and most desirably by 
at least 5-fold. As used herein, an increase may be the 
indirect result of PIGS. For example, the double strand- 
ed RNA may inn i n protein, such as 
< - i% ess I i I i! i x 
presslon of another nucleic acid. 
[086$! By "alteration in the level of gene expression" 
is meant a char je in trans tton translation or mRNA 
or protein stability such that the overall amount eta prod- 
uct of the gene, i.e.. mRNA or polypeptide, is increased 
or decreased. 

[0069] By -reporter gene* is meant any gene that en- 
eod .a. rodi i, < sior: is deiec mte < id/e> 

fibiitir ]i i t f domical bi 

chemical, or biological assays, A reporter gone product 
may. for example have one ot the f >> ing attrtbut 
Wither it 
protein) enzyn y I ! os base ic 

tor ass caioramr. I tyltra e). toxicity {e, 
p., ricin A), or an ability to be specifically bound by an 
additional molecule (eg-, art unlabeled antibody, fob 
lowed b\ it j .i ■ 14 or b otn o; a 
delectably labelled antibody*, ft ss understood that any 
engineered variants of reporter genes that are readily 
vi ibfe i % "e itr ft - inc uded, with- 



out restriction. In the foregoing definition. 
[00701 By odsi oi " i pep-id 
fragme it' > i t ore thai two a inc 

aeios regat ' 1 xuU tf > 

q aiyec yf f ylation) istitutmg ait ot 

part of a nai , tie or jept be or 

tnsti a i'ion-na tty ring pc ft rptide a 
peptide. 

[0071} By "promoter" is meant a minimal sequence 

w sufficient odire ranscrif ion of a gene. Also included 
in h s iefinib -i i i ok r i nts 

(e.g., enhancers} that are sufficient lo render promoter- 
imp r ft gent express in a ell ype 
specific tiast cit'i )r temporal oeciflo manner, or 

'0 it iucible by i - agent ich 

elements, which ai e well ■ v. r - tiled artisans, may 
b >f< aid in i5'or3'regi fa v 1 n iniroi 

Desirably a promoter Is operabiy linked to a nucleic acid 
sequence, for example, a cDNA or a gene in such a way 

20 as to pesmit expression of the nucleic acid sequence. 
[0072] % c a y i s meant that a gene and 
one or more transcriptional regatetory sequences, e.g. 
a promoter or enhancer, are connected in such a way 
as to permit gene expression when the impropriate mob 

SS ecuies (e.g., transcriptional activator proteins) are 
bound to the regulatory sequences. 
[0073] By "expression vector" is meant a DMA con- 
struct that contains at least one promoter operabiy 
linked to a downstream gene or coding region (e.g., a 

3o cDNA o r genomic DNA fragment that encodes a protein, 
oplionaiiy, cperatively linked to sequence lying outside 
a coding region, an antisense RNA coding region, or 
RNA sequences lying outside a coding region). Trans- 
fectiono t' i ionoftheexpnss ion vector info a 

35 recipient cell allows the cell to express RNA encoded by 
the expression vector. An expression vector may be a 
genetically engineered pleased, vims, or artificial ehro- 
i tern I from, for exampit t baete iopbage, 

idenov i r • , pox us, or herpesvirus. 

as (0074| By "transformation" or '•tr-*nsfect:CMi" is meant 
a iv m she if ' 1 i • < mules info a ceil 
(e.g.. a bactenai, yeast fungal algal, plant, insect, or 
animaiceil, particularly a vertebrate or mammalian cell). 
The ceil may oe in an animal Upofection, OEAE-dox- 

-'3 Iran-mediated rransfection, microinjection, protoplast 
fusion calcium j t r ecipilatiori vln; roe mi 
ral d livery el iolisbe Iran crrn 1 1 a 

are just a few of the transf i * i l isfection mem- 
ode lo own to Ihoee ski s n> RNA 5« RNA 

so exprs ion v t ay ben j RNA or DNA or 
local anesthetic complexed RNA or DNA (Pachuk. e'a!.. 
sup;m Other standard transformation/transfee-ion 
methods and other RNA snd'or DNA delivery agents (e. 
g., a cationic lipid, liposome, or bupivacalne) are de- 

55 scribed in WO 00/63364, filed April 13, 2000 (see, for 
example pages 1 8-25). Commercially available kits can 
also be used to deliver RNA or DNA to a ceil. For exam- 
pie, the Trarssmessenger Kit from Qiagen, an RNA kit 
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<erag and sn RNA hi from U ig\ 

Inc. {Seattle, WA) can be used to introduce single or 
double stranded RNA into a eel!. 
[0075] By "transformed cell" or "transected cell" is 
meant a cell (or a descendant of a cell) mto which a nu- 
cleic acicf molecule, for w impie. a double stranded 
RNA or deal i j nit has bean ii 

traduced, by means of recombinant nucleic acid tech- 
niques. Such cells may be either stably or transiently 
trarts'scted. 

[0076] By "selective conditions" is meant conditions 
ender which a specific coll or group of cons, can be se- 
lected tor. For example, the parameters of a fluores- 
cence-activated r C S) i 1 1 m duit t ;d t 
Identify aspect 1 t 3 lk Cell p h ng i 
technique known to those skilled in the art, is anotner 
method that employs selective cone-inns 
[0077] As use herein, by "optimised 1 - is meant that a 
nuc etc acid I t 3 - ' r is 3h terf ic ent 
fits* strand synthesis t<- p reverse transcription (RT) 
aod/orfTfVsf - T S; using KI 

now or other enzymes andfer rt-pcb or PGR, to be of 
particular Isng 5 i jth of the nucleic 

acid fragment is less than a fui! length cDNA or is 100, 
500, 600, or 1000 nucleotides in length, in other embod- 
iment he node ; acid f -m 1 - 10 0 JO 
40, SO, SO, 70. 80. or 30 nucleotides In length. In yet 
other embodiments, the number of nucleotides in the 
nucleic seid fragment is between 5-100 nucleotides, 
15-100 nucleotides, 20-35 nucleotides. 25-80 nucle- 
otides, 35-85 nucleotides, 45-80 nucleotides. 50-75 nu- 
cleotides, or 55-70 nucleotides, inclusive, In stl other 
embodiments, the number of nucleotides in the nucleic 
acid fragment is contained in one of the following rang- 
es: 5 -15 nucleotides, 15-20 nucleotides, 20-25 nucle- 
otide* 25-36 r ic 6 60 nu- 
cleotides, 80-70 nucleoli ' i » io »s 80-90 
nucleotides, or 90-1 00 nucleotides, inclusive. In other 
embodiments, the nucleic acid fragment contains less 
than 50.000; 10,000: 5,000: or 2.000 nucleotides Opti- 
mization of the length el a nucleic acid can be achieved 
during first strand or seeene stnand synthesis of a de- 
sired nucleic acid by lowering Mg** concentrations to 
no less man the i j ootid cm r ens ov Oding 
Mn'-t to the reaction to achieve the desired size seiec- 
tioi by replacing f ; ji ov aodit g 
Mn- >+ at varying t s long tvith tvtg-- j. by be 



eresn. Desirably S 



selected ni 



; acid 



it least 



Sing or 



sr limlttn. 



ode ,i ig not ; by ;i g vatic 
t net jfd ) ' tstai iardr e t i alcon- 

i 1 f i eg ratios, to at 

fait; the desired fragment size: by using limited and con- 
trolled exon.i< iment following 
RT. RT-SSS, RT-PCR, or PGR, or by « combination of 
any of these methods. 

[0G78J As used herein, by "steed selected" is meant 
tn i well tear it se ac ecffoi use 

n ft >n$t i \ expression lit ar^s as de- 



500,600,.. " 5ther embod- 

iments, the nucleic acid is at least 10,80. SO, 40, SO, 80, 
70, SO Oi ear , ti engtt n yet other emood 
intents, t 

between 5-100 nucleotides, 15-100 nucleotides, 20-95 
nucleotides 26-90 nucleotides 35-06 nucleotides 
45-80 nucleotides, 50-75 nucleotides, or 55-70 nucle- 
otides, indus t t asms the numbe 
oi' nucleotides in (he nuc : eie ac:d Is contained in one et 



ng n 



5-15 



lacleoii 



jcleotir 



clootie 



eobdes 



- 1 00 n 



eucle- 



ifirfi siv In ot i * o i 

teins less than 50.000: 10,000, 5,000: or g,000 nucle- 
otides. For example, a nuclei;; acid may bo size selected 
using size exc bio trot ogra by {e.g as size ex 
->o lesion Sef as , ingtostanda jpro 

secures - . foi sxarnf b Putsch sndfe 

niatts, iytojecuiarCtontng: A Laboratory Manual (2d ed.), 
Cold Spring Harbor Laboratory Press. Cold Spring Har- 
bor, NY 1989}. 

05 {0079) By "under cenbitiens ihat inhibit or prevent an 
interferon response or a dsRNA stress response" is 
no i hat prevent ur mbib t ere or i or<, m 

■ a a cellu at RNA stress responses in- 

volving cell toxicity, cell death an anij-proiiferative ro- 
ds sponse, or a decreased ability ot a dsRNA to carry out 
a PTGS event. These responses Include, but are not 
limited to, interferon induction {both Type 1 and Type il), 
induction of one or more interferon stimulated genes, 
PKR activation, 2'5'-OAS activation, and any down- 

35 stream cellular and/or organismal sequelae that result 
m vatlon/inOuct snec mo e of base ro 
sr. onses By il i t it anv el x 

(*) in a whole animal, organ, or more locally [e.g., at a 
' sf onse Exe n 

-io ptaty manifestations Include elevated cytokine produc- 
tion, local inflammation, and necrose. Desirably the 
- n iitior the peases are such that not 

more than 95%. 80%. 80%. 75%. 60%, 40%, or 25%, 
and most desirablv ■ more than 1C of the cells un- 

-■5 0ergo< -I tox ty. eel ra eased jb tie to 

eatry out a PTGS event, compared to a coll no) exposed 
to such interferon response inhibiting conditions, all cth- 
e conditi >r 1 1 1 soli vpc s n s 

i ins net i ffv.A xpre f a lie r iry 

» [0080] Apoplosis, interferon induction, 2'5 ! OAS acti- 
vate n idi h r ' i rtion. ant -p "1 fer- 
i v. 5 i p nse an ioyt effects ar ill it lie lot 
for the RNA stress ^s Exemplary as- 
says that can be used fo measure the induction of an 

55 RNA stress response as described herein include a 
1'UNb' ss i apoptotK ISA assays 

to detect the induction of alpha, beta and gamma inter- 
feron, ribosor . slysis to detect 
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solvation of 2'S >A8 < r t enirenienterphosphofylated 
e!F2a as an indicator of PKR {protein kinase RNA in- 
ducible) aaivatic j i chang- 

es in cellular proliferation, and microscopic analysis of 
ceils o idcntif rcy see, e.g., Ex 

ample 1 1 ). Desirably. the -eve! of an interferon response 
or a dsRNA stress, response in a cell transformed with 
a double stranded RNA ot a double spaaed RNA ex- 
pression vector is i 8 ss than 20. 10. s.or 2-fold greater 
fnaotn«ccr m« ansfacted con- 

trol ceil under the same conditions, as measured using 
one of the essays described herein in other embodi- 
ments, the isvsf of an interferon response or a dsRNA 
stress response la a ca!! ttansformea with a double 
s rai tod RNA bl< tie i RdA Xf easier .Sl 

tor using the methods of the present invention is less 
than 500%, 200%. 100%, 50%, 25%. or 10% greater 
fhan foe corresponding level m a corresponding trans-- 
to i s itsrferon re- 

sponse inhibiting conditions, ail otto conditions being 
eq i 3 Das Mb y n> dt Jt 1 1 - 
dove ft u ob in iet r no'Uns- 
Istion. 

[0081] By b%pecihca;;y hybridizes Gis meant a dou- 
bts stranded RNA I bat hybridizes to a target nucleic acid 
I A c >es n ; sti - , icare io Oct nut sic ic 

ids in a sample [e.g.. & sample from a cell) that naturally 
includes the tatpal nude* ac-d, when assayed under 
donate ingee id ions in ji eeuobodi t t r 
of a target nucleic acidhyfceiditsed to. or associated with, 
the double stranded RNA. as measured using standard 
ftssays, is 2-fold, desirably 5-fold, more desirably 
1 0-fold, and most desirably 50-foid greater than the 
amount of a control ncc! t • so to, or assc- 
cailea with, the double stranded RNA 
[0082] By uhigh stringency conditions a is meant hy- 
bridization in 2X SSC at 40°C with a ONA probe lenglh 
of at ieas; 40 nucleotides. For other definitions of high 
s i cot c-yc i \usubeiefa/.,< jrrentPn 

locals In M&i a ; 1 1 3.6, John Wiley 

& Sons, New York, NY. 1994. hereby incorporated by 
reference. 

[0083] Conditions and techniques mat can be usedlo 
prevent art Interferon response or cisRNA stress re- 
sponse do ingth fee < 1 f the prose it 
, .i i at 1 i its e i 

Bjie^Dc^a^ 

[0084] Pg ) is a a hei 1 reset lalion of 3 sti ii 

egy to isc ite 1 1- h tt a 

1 single expression 1 1 lb m 1 or ted 

with a double-stranded RNA encoding a cDNA library. 
[0085] Fig. 2 is a schematic illustration of the produc- 
tion or effector RNAs in ceils expressing PSA. The PSA 
expression cassette used to create the transient PSA 
t> N et t Ii ' 1 r > o txf gum 

Expression of i - f it r 1C IV IE promoter 



ana tbe SV4 yadeny on > . (oAt Only se- 
quences 3' of the F5A initiation codon '-eve been used 
in these vectors. The effector RNA expression cassettes 
are shown do * r sseite a ad a e 

s designed to express PSA sense RNA, PSA aniisense 
RNA, and PSAtisRNA , 1 the effector RN As 
is under the control of the T7t on T T 1 
fion from Tap is catalyzed by T? RNA polymerase, which 
is supplied by 'CO -trans 3 Tf NApclyme seex- 

w pression piasmid (not shown). Control effector RbiA 
c sse-ifes expressin I it i I s lived ham he 
! Ii rpi simplex virti > 1 1 t> nr ided 

as controls. The 600 ba; ■ ; from the Her- 

pes ssmpiex gC jene is frcn her ,cs Simplex virus 2 

»o st 11% a 1 ig rag 1 downstream o 

the gD initiation coders 

fOOBS] Fig. 3 is a bar graph illustrating silencing of 
PSA expression by dsRNA psa levels in the super- 
nates of trans a. - J cells m « k srniinad by EL1SA 

so ana ate plotted as percent expression of the PSA on- 
treated centre < 1 itrel shewn at the 

left is normalized to 100% 'SA ie ■ tb 1 the supemates 
of cells torn 1 11 t >t PSA 01 c ( 

tro! RNAs are shown by the shaded and open bars re- 

2$ spscBvefy. All data shown is from day two post-transfec- 
tion. Dafa from fate tr imlle 0 the day 

two iime point. 

(0087} Fig. 4 is a schematic illustration of the RMA 
slress response pathway, also Known as the Type 1 iin- 
30 terferon response. 

Detailed Description of -he Invention 

[0088] PcsOtrarascnpticnaa ctene silencing iPTGS) 
35 can be used as a tool to identify and validate specific 
1 » r voived in ceii function, gene expres- 

sion rue pelypaf 0 af a tiv y Alt 1 ugl he 
useofPTGSas I r 1 1! documented 

in invertebrates and plants its use in identification of 
genes that modulate ceil function, gene expression, or 
r pi ttidi ' ,1 I ity as ds cribed below, is 
novel Since novel genes am likely to be identified 
through the methods of the present invention. PIGS is 
c rvolopod " i ei w , ar fen fy iove t< 1 
■■5 getsfc use it t foi diso for example can 
.... i 1 eu r 1 gic i 1 1 v sernia lymphs 
mas. and cb , 10 talnarf or immune sys- 

tem. 

[00891 The present invention features methods to 
so identify unkt 1 1 a 1 wmc lulal > 1 
a particular phsnotype, an alteration et gene expression 
in a cell, or art alteration at polypeptide biciogiab activity 
in a cell, using t " t ryoasedsct emnt ipproach 
era non-library based approach to identify tiueleic acids 
55 ttalfrc.v^ 5 ^ nventbn ateo 

affows the determination of function of a given se- 
quence "%c~ > re delivery of n 
wfrofransedbed double stranded RNA (tfeRNA), as well 
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tJ dk;rno" c it lo Tike 

(is own dsRNA, To avoid problems associated with 
i t " ii ' c 1 1 to i u f f o e "icy. plasi n ids are das ig n go : q oo i ;a i n 
a selectable marker to ensura tie survival of only Ihose 
c ;!!s tat havo takei if 1 >NA One group of 
piasrr i tire* yn i dsRNA that is a it 

sci be -In hecytopfa a t ' t • irectstl 
synthesis of dsRNA that is transcribed in the nucleus. 

identification or genes by assays tar a modulation in 
ceil function 

{0(390] Far nbe 

accomplished tmough the use of a number of dtffoiem 
assays. For example, cells may be essayed m; cell mc- 
tiiity. apoptosm cell growth call invasion vasaiiarura- 
t oo oe c yck i iterontiation.ee bedifJoi 

conation .cuter) m e , m, , tti a ot fo <a y !o 
support viral replication, as wetl as other coll functions 
kuvn t the art tftoel >t caayiep out such Junction- 
ai assays are well imovm and are described, for exam- 

pte. in Piatet apt! Garcia (invasion Metastasis 18: 
138-208. 1898-1999); Harper e! ai {Neurosclenca 88: 
257-267, 1999); and Tomaselii et si (J. Ceil Btol. 105; 
P3i?-e35S. 1987). and o - oesenbed below 
[0091] Functional identification of nucleic acid se- 
quences involved in modulating a particular cell function 
may be carried out by competing cells transacted with 
a dsRNA So control cells that have not been transformed 
with a dsRNA or that have been mock-transfected, in a 
functional assay. A coll that has taken up sequences un- 
related to a particular function wilt perform In the partic- 
ular assay in a manner similar to the control cell. A cell 
experiencing PTGS of a gene involved in trie particular 
tat ti w:ll exh* a j v to perform :a the 

functional assay compared to the control. 
p392] The pe-eern modulation of a particular call 
function that identifies a nucleic acid sequence that 
modulates the function of a cell will vary depending on 
the assay, phenotype. and me particular nucleic acid af- 
fected by PTGS Pot eacai assay, ine percent modula- 
tion can readily be determined by one skilled in the ait. 
when ttsed in conjunction with controls., as described 
hcretn D 

desirably at least 30%, 40%, 60%. 60%. 75%, and most 
desirably at least 9C% compared to the conaol. An in- 
crease in the function ot a en:! can also be measured in 
terms of fold increase, where desirably, the increase is 

east 1 5-fold to 5-fotc « car k! 

{0093J Alternatively, the function of a ceil may be to 
- fe t lb innr-i , >,-. r .e « session c i< ly ( pbde I 
oiagieat activity fern - - ■ nple. a neighbor- 
ing cell, a cell that is contacted with the cell in which a 
PTGS event occurs, or a cell that is contacted with me- 
dia or other exi i t 1 1 that the eel in which a 
PTGS event occurs is contained in. For example, a call 
experiencing PTGS of a gene may modulate calf motil- 
ity, apootosls, cell growih. call invasion, vascularization, 



events . ferei > ;!! deciifferentia 
tion, neuronal cell regeneration, or the ability to support 
viral replication of a nearby ceil, or a cell that is exposed 
to media nr o I «\h oh the trans- 

s tested ^e i v. iich < f TGS ever t 
ts mxi Th s can Pg tes r t 

which a cell ex i i ut ir a ted 

placing it oe- a separate cell or population of celia. if the 
functioeoi the separa-ecei! or population of cells is mod- 

w uiated. compared to a cell or population of celts receiv- 
ing media obtained from cells that had men mock ttaris- 
feeted. then one or more of the cells experiencing a 
PTGS even! can affect the function of another cell. The 
iccr ity f the nucleic ac - i th causes the 

>J naoduiaHori can be identified witn repeated rounds of se- 

[0094J in another n f > i ell experiencing 

a PTGS event can be placed In proximity of a cell or a 
population of celts that was not transfeeted with dsRNA, 
& and the effect of this; placemen! Is evaluated for a mod- 
ulation in tan function of "ha cot; or population of cells. 

if the function of the nort-transfected cell or population 
ot cells is modulated, compared fo a cell or population 
of cells in pro:<:,mi;y of a cell that was mock •ransfecied, 
es then the cell experiencing a P'i'GS even; contains a nu- 
cleic acid sequence lhat can affect the function of an- 
other cell. This nuc e a n oe identified 
using techniques described herein, 

expression 

[0095] t i rtt }m ■• < \[ < <r ai diy is can be 

used to identify a nucleic acid sequence that maculates 

35 the expression of a target nucleic acid in a cell. Altera- 
v 1 , , ■ n ind by ci£ 
be monitored in a ceil into which a dsRNA has beer; in- 
irodi cad. Ferexan f xpa asioncan 

be assayed by com. - c <c essed in 

-so cells Into wl sRNAI been introduced lo nucleic 
acids express i n ccnte cells inai were not itariBfect- 
ed web ctsRNA or that were mock-transfected Gene ar- 
ray technology can ice used it; order to simultaneously 
m i h r iny different 

& acids Examples c ^presstcn anal- 

ysis are describe by IWarrack of ai. (Current Opinions 
in Immur >lc j 1 K J m ir (s ncolc jis 

5,501 -607, £000); Pelizzari ctai. iNucicio Acids Res. 28: 
4577-4581 , SOOO.i; and Marx f Science 289:1670-1872, 

so 2000). 

idcntificiiiion of ^ ly tiife 
biological activity 

ss {0096} hiovel nucleic acid sequences that modulate 
the bic ogteal ) lypeptide can also b 

icon it] ce by exammmg tide e cal ac ivity 

Various poly[ ep! • i ' e b evali sf 
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ofj to identify novel genes according to the methods of 
the invention. Forexamp * the expression of & target 
polypeptide(s) may be examined. Alternatively, the in- 
tt rat ion )etv f le($) and anotne 

example, anot f ptide oranu 
c o(c acid may - ssay h rtiotylaticn or g v cc 
sylaiion of a target polypeptide's) may also be as- 
sessed, using standard methods known to those skilled 
in the art 

[0097] Identification of nuclei add sequences in- 
volved i a f t , a > f , t ity of a tat gel 
if lay bo carrier » b> rrs at rig the 
f .It an- c tt wit i 
a dsRNAto <> cot rolcelftl j . ~ t t is-f cted 
with a dsRNA or that has been rnocvlransfeeted A csf! 
thai has taken up sequences unrelated to a particular 
polypeptide biological activity will perform in the parts • 
ufas assay in a manner similar to the control coll. A ceil 
experiencing PTGS of a gene involved in the particular 
polypeptide i 4! » activity will exhibit art altered rt t_ ■ 
ify to perform in the biological assay, compared to the 
control. 

insertion of single amis info me chromosome ano 
a men n n .f t I In - nt uniro n.jk 
expression library integrant 

[0098] The preset isneraticn 

i nil 11 1 • i 1 1 - >, 

is subsequently introduced rtroughtl t spi 
ciflc recombination., single integrants of cfeRNA expres- 
sion cassettes are generated at the same locus of ail 
cells in the target cell line, allowing uniform expression 
of the dsRNA in ail of the integrants. A efsRNA expres- 
sion ficmry derived from various cell lines is used to cre- 
ate a representative library of stably integrated ceiis. 
each ceil withir i • arc a ^-'> ■ a tlnir -j a sine e 
integrant. Cmibx. Lambda-Cro repressor, and Hp re- 
coi it i -j s ~s are used to gener- 

ate those singular integrants of dsRNA expression cas- 
settes i the t i ' Satol e jl J. Virol 74: 
10631- -0838, 2000: Tush et af, J Inoi-.inol. Methods 
244:1 .66-1 .93, 2000: Sarov eta!.. An. Acad. Bras. Ciena 
72:389-398. 2000: Geo? of at, Stem Cells. 16 £360243. 
1 998; Habu sial. Nucleic Acids Symp. Ser. 42.295-296. 
1999, Haren eta/., Annu. Rev. Microbiol. 53:245-281, 
1998; Baar et a!., Biochemistry 39:7041-7049, 2000: 
Foacnzi et at., Nat. Genet. 2P;2i 7-222, 2000: Hind- 
marsh si at., Microbiol. Mol, Bid Rsv. 63:836-843, 
1998. Parquet eta.O Gene Ther, 8.209-218. 1899: Par- 
quet etai.; Gene Ther 6 209-21 8. 199a: Yu eta/.. Gene 
223:77-81, 1898; Darquet et at, Gene Ther. 4: 
1341-1349 1397; and Keen et StL Gene 249:135-144, 
2000). These systems are used singularly to generate 
r f also in comb nation. 
099 . > ?t-e specific in- 
llow 

targeted recombination to be achieved using specific 



P't c as FLPt it i m.e.tTOdain 

tegrs.se. HIV imegrase. anepilin reeomeinaeeof Salmo- 
nella {Sang etal. Construction of a Flp "exchange cas- 
sette' ccntan i mg ir rouse ES 

s ceil] A book chapter PUBMSD entry 1 1 797223 - Sneng 
Wu Gong Cheng Xue Sao. 2001 Sep;17(6):B66-9.. Liu 
etui., Nat Genet. 2001 Jan 1;30(1 1:36-72., Awahamani 
efai.Nst! Genet 2001 Nov;29;3):257-9.. Heidmannand 
Lehner, Dev Genes Evol. 2001 Sep;211 <8-9}:4S8-65, 

» Schaft et al, Genesis. 2001 Sep:31(1}:6-10, Van 
Duyne. Annu Rev Biophys Stornci Street. 2001,30' 
87-104., Lorbach et at . J Mol Biol 2000 Mar 10,296(5) 
1175-81., Darquet era/., Gene Ther. 1099 he0;6(2). 
209-18., Bushman and Miller. 0 Virol. 1987 Jan:7l(1}: 

is 458-64., Futks el at J Bacterid. 1990 Jan;172(1): 
310-6) A - ■ >y aidomlyin- 

sert fig he sp : ? (e.g., IcxP in the ere ra- 

eombinaae system t and selecting or Identifying the cell 
that contait ilarmt ttl upports maximal 

20 expression. For example, integrants thai show maxima! 
expression following random integration can be identi- 
fied through the use of reporter gene sequences asso- 
ciated with the integrated sequence. The cell can be 
used to specifically insert liie expression cassette info 

sion ca 1 1 1 ,s > i c to identify th 
maximally expressing chromosome! location. A skilled 
artisan can also produce i la* < jrants using ret- 

3o roviral vectors, which integrate randomly and singularly 
into the eukaryctlc genome, In particular, singular inte- 
grand can be produced by inserting retroviral vectors 
- ■ jineered to contain the desired ex- 
i t - •> oanaiv and selecting for the 

aa chromosomal location thai results in maximal expres- 
sion (Michael et a/,, EMBC Journal, vol 20: pages 
2224-2235, 2001; Fteifc and Muirel; . Nature, vol. 405, 
page 403 -409. 2000; Sanger ef at Molecular Cell, vol. 
8 : pages 263-268). One may also produce a singular 

ao integrant by - - n RecA protein 

witn or without nuclear Ic^a ic a s ji a i\< sgwrhsa 
gueac.es that ere hom t eqt i s 

g.. a target endogenous sequence or integrated trans- 
c - " f r , v menec 

t enced u .viti le i ocaiiza ion 

signals can be ajfransfected (Shibata eta!., P«jc Natl 
Acad Sci U S A. 2001 Jut 17:98(1.0') rf420-32 Review.. 
Muytcrs c'< al.. Trends Biochcm Son 2001 May 20(5}- 
325-31 , Paul eta/., Mutaf Res 200: Jun5;486fi at t -9 . 

so Shcherbakova et a!.. Mutat Rss. 2000 Feb 1 6:459(1): 
65-71., LftRfeov. Mol Biol (Mosk). 1994 May-dun:28(3): 
4afi-95). 

[0100] An exampie ui nq such ethods is detailed 

below. 

ss 

Creation ot the target cell tine 

[01011 Target cell lines are Ihe same celt lines as the 
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ones from whh < RK : A ibrafies will be 

d&rlved. Target cells are c • b\ ran-slecting the se- 

, | v mc pla 

selectable marker. SLfch as G41S and the mpoder gene 
GFP. The pi s 

grate ranc rnh i ugh the pro 

egibmate ua i j / 

Foiiowsng transfec-ten. celte conlairang integrants are 
selected by culturing the ceils in the presence of 0418 
f g concen rat > l< 1 > < u i ki curve 1 1 1 
ysis. About a do/en G41 8-rosistant colonies are ex- 
pan d and relative ' 1 tpres weis am deter 
mined using tlow cytoms ty ON A from the ce s is ana- 
lysed by S m it rrn no it cat ant 
copy unmoor. Several single copy integrants exhibiting 
t ip I gr as t F • )< 1 aia h t cted a 
tee target celt lines Gn'P expression is monitored be- 
cause d RNA : lates arc t ;n ntecp tec! 
into the loci containing the loxP, GFP. and G41S cas- 
settes in a site-specific fashion, and a & important to 
ensure that these loci are transcriptionally .active. Since 
cells s « sele 1 e i f at G41 3 resistance and 
6FF w h tj^c in oc- 
cur at the foxPslte, destroying its function. Several cell 
lines are therefore chosen to reasonably ensure that at 
least one iniegrant has an intact toxPsite. 

Doubl& siimdedRNA expression library construction 
and S'ie-Sfyeciiic recombination into the target mil line 

[0102] A cDNA library or a randomi/oa library ;s con- 
structed from RNA isolated from selected ceil lines cD- 
MAs or randomized nodeic acids in the size range of at 
least 100 to 10i I nuci< o f & i pic 500 to 600 
r c eotti esur i ) , i is < r are ;e 

selectee one to , 1 sol ) n sets, the nu- 
cleic acids ate at least 10. 20 : 30, 40, 60. 60, 70, 80, or 
90 nucleotides in length In yet other embodiments, the 
number of nucleotides tn the nucleic acids is between 
3-100 nucleotides. 15-100 nucleotides. 20-95 nucle- 
otides, 25-90 nucleotides, 35-85 nucleotides, 45-80 nu- 
cleotides. 50-75 nucleotides, or 55-70 nucleotides, in- 
clusive. In stili other embodiments, the number of nucle- 
otides in the at i t one o* the fol- 
lowing ranges. 5-15 nucleotides, 15-20 nucleotides 
20-25 nucleotides. 25-35 nucleotides. 35-45 nucle- 
otides,, 45-60 nucleotides, 60-70 nucleotides. 70-80 nu- 
cleotides. 60-90 nucleotides, or 90-100 nucleotides m- 
e us ^e it jtht > t t acid at i tin 
less than 50,000: 10,000. 5 000. or 2, GOO nucleotides. 
Fach cDNA c tar ' zed uetei ac is then cloned 
intoaplesmlc v RNAtmnsct of ot a ssette 
t tnk J by two n >foroot€ una )s 77 pro 
meters as described herein). The promoters are tran- 
scriptionally regulated such that they tare off until in- 
duced, for example, using a' : et ON/Cf-'i-' system (Forster 
etaL. Nucleic Acioc Res 27:7708-710. 1990; Liu eta/., 
Biofechniques S4-824-628, 8.30-SS2. 1898; and Gate, 



Methods Cell Biol. 50:411-424, 1 995). The plasmld also 
contains the hygromvetn i n j m rs invert 
ad faxPsite The cDNA piasmid library or randomized 
piasmid library is then cc-lransfeefed 1 nfo the target ce!! 

s line with a plasmld expressing Cre recombmase. which 
catalyzers site bii 'the transfected 

cDNA plasmld o andon zed nut jk to tal ' 
inve ted ' i c t T ill us no it ti in 5 

the GFP gen e Fig 1 ) The use ot -he 

m Cre/foxsyc . i orator eta p as 

mid into the chromosome {every Oansfeeled col; is pre- 
dicted fo undergo e piasmid inf creation even)). Other 
erte-speciric recombination strategies cen also be uti- 
lized This re uits nha jovc f jreti etc iceu < 

»5 the same sib m ad ,< oaf jg potent ti problems with 
loci dependent expression 
{0103| 

bales: In tt ?pn n rye nycm to k;;lunf.i ms1 c oo 
cells and t selec stable integ at. rr&nscription of 

20 os RNA is induced, ana seleoled ceils are assayed fei 
an altera! in a ! unction I >t groa activNy of a 
targe: polypeptide, or dideremien gene expression. Ce;;s 
expressing dsR - tdm tatgetf ic ic ac 

io exhibit tn altered tui r pk incre ased )r 

S5 decreased cell invasion, motility apoptosis. growth, dif- 
ferentiation, dedifferennadon ot regeneration or the 
ability cf the cell to support viral replication Ceils exhib 
iting altered function are ihen expanded and the se- 
quence of the integrant is determined. Targets are Iden- 

so titied and validatsd using dsBNA specific tor the identi- 
fied target, or other nors-PTGS mediated methods, for 
example antissnse technology, 
[01043 The regulated transcription system of the 
present invention provides an advantage to other dou- 

35 ble stmnded expression systems. Following transac- 
tion of the dsRNA library, ceils contain hundreds to thou- 
sands of dsRKA e>p >s\ « it cue i 
tent expression e1 that many expression cassettes. In 
the dsRNA expressic i systat o is present invention, 

ce dsRNA cnpies,i,idii cassettes contained within the ex- 
pression vector integrate inio the chromosome ot die 
a snst ;cieci I A" it I i i it below every 
transfeeoerJ eel! integrates ens; of the double stranded 
expression cassettes Desirably no transcription occurs 

■■■5 u at the ©pisoma a. « » sic i vvt m 

ate diiuied out of the coll such that act more than 5 ep- 
isomal vectors remain in the ceil Moat desirably no den- 
se iptienooc a ti 1! 1 oi ^ i iteg at< Ji 
expression vectors are diluted out of tne cell end only 

so the integrated expres ji :assetie remains (a process 
usually tah ig a! out t% a U ve w 
tore). At this time transcripitcn Is induced, allowing dsR - 
NA to be expressed in the ceTs This method ensures 
that only one species of dsRNA is expressed per cell, 

55 asoppos- - sss hundreds to 

thousands ; I he use of lie 

above descr o. , ot ft u " It ■ ot; lout one 
expression casse&e, which in turn, permits lh« rapid 
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cvisng multi- 
ple pools of iibrarfc t 5 ]St gets 

Nun -library approaches for - he identification of a nuciele 
acid sequence that modistes ecu function gene 
expression in a cess or the b=ologtcBi activs-y of a target 
polypeptide m a ceil through PTQS 

[0105] Nuc!< i . so --OS tfcal modulate ceil 
function, gene expression in a cell, or the biological ac- 
tivity of b target polypeptide in a cell may also be iden- 
tified tisitig not bran, ba; f f a hes inv< v'ing 
PTGS. For example, a single known nucleic acid se- 
jot encoding vim u nown fe ictic i 

or a single nucleic acid fragment of unknown sequence 
and/or amotion can be made into & double stranded 
RNA n fecul This dsRNA ' - footed nto a 
deeitedceil type atidfbeoei is assayed formoduiaiions 
in cell function, gene expression of a tat get nucleic acid 
ft f u cell i] 1 1 activity of a t ego pc ,j p 

licfeioiheceii jsing met hot nAmod- 

uiation in ceil function, gene expression In the cell, or 
thebiolog a tivii targ rp >l fe it tlx cell 
identifies the nucleic acid of thedsRNAas a nucleic acid 
the mod ti i g< no ^ jres- 

alon.orthebiol ileal actlvit i si polypeptide. As 
a single ctsRNA i the cells, the 

nucleic acid sequence response for the modulation is 
readily identified This non-library based approach to 
nucleic acid identification is desirably used under con- 
ditions that inhibit an interferon response or dsRNA 
stress response. Such conditions are described in detail 
herein. 

[01 OS] The discovery of novel genes through the 
methods of the 1 nv may lead c the gen- 
eration of novel therapeutics. For example, genes that 
dect ease ceil Invasion may be used as targets for drug 
development, soon as for the development ot cytostatic 
therapeutics for use in the treatment ot cancer. Devel- 
opment of such therapeutics is important because cur- 
rently available cytotoxic anticancer agents are arse tox- 
ic for normal rapidly dividing ceils. In contrast, a cyto- 
stadcageot may only n i — k metastatic: process 
conrcm, iter j growth n order to stabi- 

lize he r is* >se, in an <a no that In- 

crease neuronal yl sed to develop 

therapeutics tor the treatment, prevention, or control of 
; i umbo ot f > i ] i jmc Ateh« m 

of* disease id Parkinson 5 to: !i to 

ii voivi J i the ^ 1 ill at or and be 

i s Such th ra )ies 
may be used to treat, prevent, or control viral diseases 
involving hum immi < iencyv us HVl hepat 
tls C virus ( C and human 

papillcmav us(MPV).Tb I , therapeutics tar- 

geting the gsnes identified according to the present in- 
vention can be further tested in cell culture assays as 
well tie in animal models 
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[0107] While the use of the present invention is not 
limited o verlef - s is. sect _ ells can 

be use ltocarr> t em < tit a i; nine i 

ods described herein. Dee • /c eb rate or mam - 
n il in 5i!s usee to cai r invention are 

cells that have been cultured tor only a small number o; 
i assagr s { j . las.;; than rssag f a cell line that 
has been obtained directly from American "type Culture 
Collection), or are primary cells, in addition., vertebrate 
o; mammalian ll be I to carry ou Use present 
invention when the dsRNA being trensfected into the 
cell is not comple « ,vitr i tl onic aids 
[0108] The following lesai ito u r tfetht in 
vention. They are not meant to limit the invention in any 
way. For example, it is noted that tiny of the following 
examples can eased i at is o R ..A*; c 

any length, the methods of the present invention can 
be readily ad t ted in the an to ut • J 

ble stranded RNAs of any desired length. 

Exa . iiu ry c' vccteis 'o- 

intracellular synthesis of dsRNA for library based 
screening approaches to nucleic acid id c I 
iJsingPTGS 



30 

(0109) PTGS is induced when dsRNA is made intra - 
ceiluiariy. The library based screening approaches to 
i a i' i thi x jfi FT - n ay requi 5 

that dsRNA reside in certain cellular compartments In 

35 order to exert seti > Id 

that transcribe dsRNA m the cytoplasm and In the nu- 
cleus are utilized. There at* two classes of nuclear fram 
&i iptbn vectors ^r- hat s • = o express poly- 
adenyiated dsRNA {for example, a vector containing an 

co RNA polymerase ii promoter and a poly A site) and one 
that expresses nornadenylated dsRNA (for example, a 
vector containing an RNA polymerase II promoter and 
no only A site, or a vector containing a T? promoter). 
Different eeiidar distributions are p:edicted tor the two 
species of RNA. both vectors are transcribed in the nu- 
cleus but trie c - dons c? the RNA species 
are different intracellular locations. Intracellular tran- 
scription may also utilize t ictc toph tge T7 and SR6 
RNA polymerase, which may be designed to transcribe 

so m the cytoplasm <r- in the iiucieus. Alternatively Qceta 
rep case R? orient RNA I nerase may be 

used to amplify dsRNA. Viral RNA polymerases, either 
DNA and RNA dependent, may also be used. Afterna- 
fiveh dsRNA , i be used. Cel- 

55 lutar polymerases such as RNA Polymerase I, II. or 111 
c mttoc it io i ^ jta-scbei Hi ;< 

Both tl 3 

una 11 a ' jL ' 1 1 
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of celts mat have taken up the piasmtd. Olomng strate- 
gies employ cf * ton ctomng (CBC) 3 one-step 
method d on allies hole ft jgmente Pa- 

chuk ©fa/., Gene 243:19-25, 2000), Briefly, the ligations 
utilize brid 1 1 jgn t ft >NA r ig 

ments in a particular order and ligation is catalyzed by 
a heal-sfctole DNA figase, such as Awpligase available 
from Epicentre. 

Inducible or represser tn kci o u tots for 9m 
generation of $> 1 RAM ■•- s ;ion library 

[0110] It oes^ed, inducible and repressible transcrip- 
tion systems can ec used ic centre: tee timing of the 
synthesis of dsRNA id 5 issibie eg ic 

tory systems involve the u < t laments that 

contain sequences that hand prokaryohc or eukaryotie 
franscfiphon factors upstream of the sequence encod- 
ing dsRNA in addition, these factors also catty protein 
domains that transactivate or Iransrepress the RNA 
pdyrcera.se I I T 

to bind a sroail molecule {e.g., a ccincucer or s com- 
pressor). Hi ! molecule to the reg- 
ulatory protein: molecule (e.g. a iranacrmhon factor) re- 
sults in cither increased or decreased affinity tor the se- 
quence element. Both inducible and repressive sys- 
tems can be 6 usi ; n, ot t : a -n ze rar 
sorption factor combine ic t > Ingt te binding 
site appropriately with respect io the promoter se- 
quence Examples of previously described inducibie/'re- 
presslbfe systems include ;acl , ara , steroid -RU486, and 
scdysone ■ Rhaogene, Late (Crortin ef ul. Genes & De- 
velopment IS: 1506- 1517, 200 1), a/a (Khlebnikovetai.., 
J Bactehoi. 2000 Dec; 182(24) 7029-34}.. ecdysone 
(Bheogene, www.rheogen t - steroid. Wang 
XJ. Liefer KM Tsai S, O'Mailey BW. Roop DR., Proc Nat! 
AcadSciUSA 19&9JufJ I > {1 J483-8) ferpromot- 
er (Renda! ef at., Hum Gene Then 2002 Jam13(2): 
335-42. and Lamartma ef aL Hum Gene Thar. 20C2 
Jan; 13(2): 199-2 10), or a promoter disclosed In WO 
00/333(54. filed April 13. 2000. 

Nuclear transcription vector c tot tr-.e generation at a 
nuclear d$RNA expression library 

[01113 Nuclear transcription vectors for use in library 
based screening approaches to identify nucleic acids 
that modulate cell function jene expression or mete- 
o opjeal activity of 3 tars* [ its designed 

such that the farq >qu» is flan on one end by 
an RNA polymerase If promoter (to: example, the HC- 
MV-IE promoter) and on the ether end by a different 
RNA polymerase tl cor iter .'fc < tmple, the SCMV 
promoter}. Other promoters that can be used include 
other RNA polymerase I! promoters, an RNA polymer- 
ase I promoter an RNA polymerase lit promoter, a mi- 
tochondrial RN >olyn s promoter, oral? or SP8 
promoter in the presence fT7orS- it- ' l t 



respectively, containing a nuclear localization signal. 

Bacteriophage rafprot ers may atsr h 

c o i ofers ir i > (for exan pi 

using a tet ON/O F syste o ster ef */ supra, Liu ef 



toy a 



my a 



-inducing 



-j in either tin r ; ' 
agent oruj 

mof Jtnal it agrat >ciei i at set pt on s 

induced in the call to produce the nuclear dsRNA, 
w [0112J These vectors containing a promoter recog- 
nized by RNA Pol !. RNA Poi II, or a viral promoter in 
conjunction with co-expressed pro: ems that recognize 
the viral promoter may also comain optional sequences 
located ben* jne f remoter ai ithe inserted cDNA 
»5 Tnese sequi oes a i :ribed ai t jesigned to 
< translation ef a ira ise ibed eDNA. 

i >r example he Iran bed RE « thes 'odto on 
tain a stable stem -loco structure at the 5' end to impede 
rU c t t sequence 

so irrelevant as long as the length of the sequence is suf- 
ficient to be detrimental to translation initiation [e.g., the 
tq rence get) ffie hlsA 5 

que-nces can optionally have sequences that allow 
polyA addition, intrcmc sequences, an HIV REV binding 
sequence, Mas-on-Pfwer monkey virus constitutive 
transport elemsnl{CTE) (U.S. 5,880,278, filed April 25, 
1906), and/or self splicing md'onic sequences 
[0113] To gonemta dsRNA iwo promoters cat) be 
( . sid of the target seq i nee sud 1 i; f 

30 the direction ot imnscription from sach promoter is op- 
posing each other. Alternatively, two ptesmids can be 
ntt snsfoi ed On ot the jned !o tran- 

scribe one strand of the target sequence white the other 
is designed to transcribe the other strand. Single pre- 
ss motor cor tr 3 «slo| Jrh h U wo niu 
of the targe 1 seq .n - i - tandem, such 
that the second unit is in the reverse orientation with re- 
spect to the other Alternate strategies include the use 
I veen the tandem te qetse-'ue c- 

*0 es. 

Cytoplasmic transcription vectors for the generation of 
a cytoplasmic dsBNA expression library 



jic yofatarg a s 

ing PTGS ate made according te the following method. 
This approach involves the transcription ol a single 
stranded RNA tot 1 i ed from a lit rary) tr h 
nucleus, which is then transporter! into the cytoplasm 
where it semes as a template tor the transcription of 
dsRNA molecules. The DNA encoding the ssRNA is in- 
tegrated at a single site in the target ceil line as de- 
scribed forth i Ht xf hbrary. thereby 
- c f dsRNA in 
i ell expre ng a different dsRNA sp 
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[0115] A oc jproacl" s to use endogenous 
polymerases such as the mitochondrial polymerase in 
animal cells or mitochcnd I plast polymer 

sag? id pant cells for cytoplasmic and mitochondrial (ft. 
g -i tc )i i Kp s 3i i < R IA in t ic cytc 
plasm These vectors are formed by designing expres- 
sion constructs I hoi >r ehfoi pis t 
promoters upstream of the target sequence. As ete~ 
scnbed above l( i » - >t eeiors ds NA 
canbageneite ngtw ten promoters placed cn 
either side of ;he target .sequence, such trial the ditec- 
f ion of transci tier om ea h promoter s opposing 
each other AM i . - t in e < ot ans- 
footed One of the plasm i $ <k r J to transcribe 
one strand of f hi i t \h;;ie the other is tie 
signed to t * ingit moi i e 
constructs may >' r i thastw mils of the 
target querioe " r bod ai t mdt r act Mat 
the second unit is in the reverse orientation with respect 
to the other. Alternate sf agi inelud the use ot filter 

,i * « if-)'] 
[011S] Alternatively, cytoplasmic expression ot cfsR- 
NA for use in otary based i \ t < g tpprcsches is 
achieved by i i ut imic promoter opposite sn 
orientation with respect to the nuclear premolar. The nu- 
clear promoter generates one RNA strand that is trans- 
ported : nto the cytoplasm, and the singular subgenomic 
promoter at the 3' end of the transcript is sufficient to 
generate its antisensa copy by an RNA dependent RNA 
polymerase to result in a cytoplasmic dsRNA species. 

j / ' i ust'^j'ft cytoplasmic 

dsRNA expression libraries 

[0117] Their ! he vector con i nil i 

the Q41 8 cassette, GFP, and ioxP site is designed as 
described above 

Development ot a cytoplasmic dsFINA expression 
library 

[0118] Double stranded RNA expression libraries are 
generated by inserting cDNA or randomized sequences 
(as described herein) into an expression vector contain- 
ing a single nuclear promoter (RMA polymerase h RNA 
polymerase II, or RNA polymerase III), which allows 
transcription of the insert sequence It is desirable that 
this nuclear pn i i i regula cd t a iser ot or 
ty(forexamf rein t ) tern dost ribed 

for example, by ?orster el al. supra. Liu et at. supra, 
and Gates supra), such that the promoters are only ac- 
tive in either the presence of a ;ranscrip;icminduoing 
agent or upon the removal of a represser. This ensures 
t la tra isi i pt tat copies of 

the vectors') are diluted out. Vectors also contain a se- 
lectable marker, such as the hygromycin resistance 
gone . no .cf to. The ox i tors an into 

q ak i it > ti i » 1 i pr \ oush de 



scribed tr hrsapp t rsgCrei tombinase (other 
site-specific recomb - o 3 emp oyoo 

as described previously) 

[0119J a \ ansfection celts are sub- 

jectedtohyg lye centr lenses 

taoltshed In kits curve assays S 
fared in hygromycin to setae; for ceils bearing integrated 
vecti rs and dilute ou of the vector 

(s) At this pesnt transcription Is induced, and a single 
w stranded RNA NA) >eci ived from the insert 
sequence is transcribed in the nucleus from the nuclear 
promoter in the inserted vector The insert is designed 
such that the insert sequences in the transcript are 
flanked by Bidirectional promoters of RNA bscieri- 

RKAf r p 

depei or Rf r n fences (for 

example those of Stndbls or VEe.V subgenomic pro 
meters rhenu rtransct t msiocated to the cy 
20 teptasm where it acts as a template for dsRNA by an 
RNA doe, nd x \ a cl may be pro- 

vided through co-transteotion of a vector that encodes 
an RNA-depsndent RNA polymerase. Alternatively, art 
integrated copy of the polymerase may be used. 

Exam r tern c e f ■-tor m viPo 

!?ingg. f Mj?g.gLg.?. R ^ A {of non-library based 
approaches fo» dc n i p> ' u 
PTGS 

30 

[0120J Nucleic acsd sequences that modulate cell 
function gene expression in a cell, or the biological ac- 
tivity of a targe; polypeptide in a ceil may also be iden- 
tified using non-library based approaches involving 

55 PTGS. Asingie known nucleic acid sequence encoding 
a polypeptide wt i ( motet r » single nucleic 
acre (ragmen; of unknown sequence and/or function can 
bemads nto f dojt This 
the 3i elected into a desired ceil type and 
assayed for modulations in ceil function, gone expres- 
sion in the ce > h biological city o target 
polypeptide in the cell, using methods described herein, 
A modulation in cell function, gene expression in the celt, 
or me biologic;;; achvtty of a target polypeptide in the 

■■'5 celticontf) f i RNA i t nucleic 

icid the ii Ji the specihe eel! fur;c!ter;. g< is > 
pression. or tht biolcgica i „>y 1 irget p type 
tide, This non-library oased approach to nucleic acid 
let i ific i o i t i i i en lon^ I i in 

so hibit an interfefon response or d&RNA strnss response 
Streh conditions are describee in detail below. 
[0121J Nucicc jcc *- 3 1 3 cxs.m 

pie, by PGR or res- s - digestion en- 

coding the v< t as were used as 

55 tempiates for in vitis ■ Ions PGR frag- 

ments are sl i pi; t i -r t- ci the synthe- 
sis of rJiscret d NA tie TP - "te R frag- 
msnts encoded al least 20-50 or 100 to 1 000, for exam- 
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pis. 600 to 500 nucleotides fnts) of the target sequence 
and were derived from the target mRNA. Known target 

ec tencs A<er< li ror senBank and c other 
DNAseajen - i r< nces were also 

c jtaincd from 11 t r ; were i stated nto 
cONAs to create a number of different dsRNA mole- 
c ties Accordingly, i i t \w n» nd 

i fu ict jrr ftt arget sequence was not !> icwr at the 
time the dsRNAwas generated. 
[0122] Terr*- it nset&rgetRl As were genar- 

ed by pi sir , i 1 gr 7 promoter at the 5 

end of h tar i while if isenj 5 RN\ 

templates contained the T? promoter at the S 1 end o- the 
Ron ;cdir j sir t /ad by encoding the 

Ti f c, r if i a 1 < tiv 3 "R ?ri i 

ess. Ait of 
SP6 and T7 promoters may be usee 
[0123] PCR\ by conventional m n is 

The use ot com PCR tan a n equit j - 
its an in vitro transcription reaction resulted la primarily 
dsRNA. Tht use if tw< c i rents h s been 

found to be superior to the use of one PCR fragment 
c r ring two 7 oromot located »t each s i i 

ot tiie large; sequence, presumably due to transcription 
interference thai occurs during transcription of the deal 
promoter template Following PCR amplification, the 
DNA w ts .1 ) 

col-chloroform extraction to remove contaminating 
RNsses. Fdffowing ethanol precipitation., the DMA was 
resuspended in RNase-free water at a concentration of 
1 to 3 itg/ixl. 

[0124] As an alternative to phenol-chloroform extrac- 
tion, DNA can be purified In the absence of phenol using 
standard methods such as those described by U et al. 
(WO 00/44914, filed January 28, 2000}, Alternatively. 
DNA ma s extracted w hp r^ i oroformean 
be curdled to reduce or eliminate the amount of phenol 
and/or chloroform. For example, standard column c.hrc- 
'i cqrapny can be used to purify fhe DNA (WO 
00/44914, filed January 28, £000), 

i" mh U it - r \ A i 3 1- i if iti ,i a - f i A ar iIvms 

[0125] mvtt transcri ' t ito arried out 

using 'ho Rib n it u g- Core ) acco ding to 

the manufacturer's, directions. Tiro template DNA is as 
describee above. Following synthesis, the RNA is treat- 
ed with RQl DNase (Promoga Corp.) to remove tem- 
plate ONA. The RNA is then treated with Proteinase K 
and extracted with phenol-chloroform to remove con- 
tamicai ig RN aid A is th k i to i Med 

washed with 70% ethnnoh and resuspettdeb in RNase- 
free water. Ailquots of RNA are removed for analysis 
and the RNA sc s ffa bating in art 

ethane! -dry ice bath The RNA is stored at -8C"C. 
[0126] As ,f ' i 

tioo, RNA can be pt ■' d m th absence of phenol using 
s uidard t eth c i as ti s jed bv L et ai. 



(WO 00/44814. filed January 28, 2000}. Alternatively, 
RNA that is ex < n e orchlorofoimcan 
bepurifsudt 3 i j mount o' phono! 

and/or chloroform For examplt str m d column crtro- 

s matography can be used to purify the RNA (WO 
CO/44914, filed January 28, 2000). 
[0127] els RNA is made by combining equimolar 
amotmts cf PCR t tisense R&A 

and sense RNA, as described above, in the transcription 

io resclion S - sense or sense RNA Is 

made by using 1 c f fr icjrne it i tn 

lion The RNA , 
tropfiotometrlc analysts, and RNA quality , $ messed 
bye nat Jrtng I in i < 1 jndby 3ig< stion with 

»5 RNase T1 , which degrades single stranded RNA. 
[0128] AnmRNAlit ■> tusii )Qb tasac 

h iop tage, by heating the rn * left in- se jt eric 
es that are f tl Qi ta ref fui ctior Odd i 
flank of Qbeta flank plus pi), using RNA llgase. The 

20 ftgafed RNAs are titer: tiaristormed into bacteria that ex- 
press Qoeia repliease and the coat protein Single 
plagues are then inoculated into fresh bacteria. A!! 
plaques are expected to carry iransgene sequences. 
EachpLgu s grown i i iltii in bacteria that 

25 i > , j 1 - tar- hHA i is I j ed 

from the bactertopha re particles. Afternaftvety, if the 
Qbeta flank plus Pi is used to generate the library {&. 
g., P1 --MS2. VS5V, or Slndbis promoter sequences), 
these vectors can be used to carry out the in vitro ran- 

eo senptien &long with the cognate polymerase The in vitro 
made dsRNA is then used to transfect cells. 

RNA delivery 

35 101 29J *» made dsRNA is directly added to the 
cell culture medium at concentrations ranging from 50 
u.g/mt to 500 up/ml. Uptake of dsRNA Is also facilitated 
by aieotrcporatior rsinc , idif ns cgr ed fc 
DNA uptake by fhe oo j At >Nk isaisr 

mediated by lipofecfion using any of a variey of com- 
merclaJly av id proj . ionic lipids DE- 

AE-dextmn-msdteted transfec-ticn, microinjection, pro- 
toplast fusion, cak tm ti iphation vira it 
retroviral delivery orbfolistic transformai-on. The RNA 

■■5 is naked RNA or a local < then - r tA complex Mod- 
i ■ .i' cti i ', o expression, orp ilypep ide 
biologi 1 ssed in the transacted 

cells. 

[0130] Some dsRNA sequences, possibly in certain 
he cell types and through certain delivery metliods may re- 
sult In an interferon response. During the screening 
moid) is of fn nttnv r idut icn of an Inter- 
feron response is not desired, as this would lead to cell 
dea h a to p >l gene silencing, 

SS [0131| One of the components of an interferon re- 
sponse is the indi I ' nterferoi induced protein 
kinase PKR. Suppression of the interferon response 
and/or the PKR response is desired in the target cells. 
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The dsRNA delivery nethorfsd i! j herein are pet 
formed such that an interferon response or dsRNA 
stress r -. ( /ed how- 

ever, that certain conditions might present with an in- 
duction of the interfet >c rc .-t >nse To prevent such a 5 
response, a number of other strategies may be em- 
i , 3 irq meth- 

ods 1 1 >r it/ s i -it - cell func- 

tion, gene exp logical £« 

tlvit.y of a cell, as described herein, *f 
[0132] To prevent an interferon response, interferon 
and PKR responses are silenced in the target ceils using 

RNA soeci , - RNAs that m 

code proteins involved in the response. Desirably inter- 
feron response promoters are silenced using dsRNA. 13 
Alternatively, the expression of proteins that bine the in- 
terferon response- element is abolished using dsRNA 
techniques. 

[0133j In an alternative . n and PKR 

knockout cell tint at eat jt pi che ut so 

ii/ting expression cassettes thar encode an anti&ense 
RNA and ribozymes directed to the cellular mRNAs that 
t icodethe pro-u )tved inn" s Kn skoi t 

cells are ereal c i er kr out technolo- 

gies tie ighii i 3 getse- & 

quences, using homologous ON A alone, or as complex- 
es of RecA protein and single stranded DNA homolo- 
gous to the target sequencers). Interferon response el- 
ement: (IRE) sequences, sequences that encode tran- 
scription factors that bind !R£ sequences, the promoter w 
and'or gene sequences that encode proteins inthe PKR 
and interferon response pathways are molecules -hat 
are targeted for knockout 

[0134] if desired, proteins involved in gene silencing 
such as D icer or Argonaut can be overexpressed or ac- 35 
fivatad to icrease he amc nt of ti i oi ^ane ex- 
pression (Beach et as, WO 01/88836. filed March 16, 
2001) 

Exampc4 c>\ • m vectors for non- 

Bbrary based approaches to nude .. • - 
usingPTGS 

[0135] Double stranded RNA molecules for use in 
non-Horary based methods for the identification of nu- ■■■■ 
oleic acids thai modulate cell function, gene expression 
of a target mjclec acta, or target polypeptide biological 
activity in a ceil can also oe generated through the use 
of cytoplasmic transcription vectors. Such vectors are 
generated as now described. 33 
[01363 The PC (ft vilroitm- 

sctptrontemok - t f ve, are inserted in- 

to a cloning vect rcontair ig one T7 promoter located 
just outside the poiyiinker region. Such a vector Is pZE- 
RO blunt (Promega Corp.), The PCS fragment is dotted 55 
into a restriction Site in the poiyfwker in satt* a way that 
rc n u e \ odor's p'O- 

moter. The resulting vector contains the large! se- 



40 

quenceftarf eabytw jmotc iption fro 

this vector occurs in converging directions. Convergent 
transcription is desired foi nt iceiluiai vectors 

doe to the un i ' f md a il "^i e 

vectors Into T ho sec i gh and roughly 

eqi 

i i \ " i i tio I 

ishigheriougf IsRNA formation when the d 

at promoter construct is used. 

[0137] A bygromycit , a Inn xl in- 

i pZf=RO blur o- as well le hygrcmyr. in re- 
sistance cassette contains the hygromycift resistance 
gene under the control of the Herpes Simplex vims 
(HSV) thymidine kinase promote!' and the SV40 potya- 
doj y iticn sigr il Tt a! e is in a plasmta vector 

and ts flanked at both ends by a potyii nicer region ena- 
bling ease of removal a.rei subsequent cloning. Hyqro- 
mycin selection was chosen because of the rapidity or 
death induced by hygrcmycin as well as extensive in- 
house expetience with Itygromya.o selection. Aitema- 
tn.h, ilbersel - ho knowt c hose skilled in 

the art may be used. 

[01 38] The vectors arc transfeofed into the desired 
cells using stand t i ;h m rfranstectioi < 
niqi s described I i i r-:i the « s are assayed lor 
the ability of the dsRNA molecules encoded by the vec- 
tors to modulatecell function, gene expression of a tar- 
get nuclec acid, or the biological activity of a target 
polypeptide, as described herein. 

Example Si Analysis of RNA from r tecte ceils 

[01 39] Regardli s of wneths i library based screen- 
ing approach or a non » i «h was used 
to identify t ucl ; ences in order e rv< acre 
the level of csRNA effector molecule within the cell, as 
well as the amount of car r J tint} ceil a two- 
am im , fanscription h « ion was performed 
i « 7700 Sequence ioetsc ice Sys- 
tem Total RNA was extracted from ooi is ; ran steeled with 
os RNA of a plasmki from a dsRNA expression library 
using Tnzol and Ofsase. Two to three different cDNA 
syntnesis reactions were performed per sample one for 
human GAP DH ing gen fr « ion J cc 
unaffected by tho of oe or d e f k the target 
mRNA. and/or one for the sense strand of the expected 
csRNAmoleciee (effector molecule) Prior to c.QN A syn- 
thesis of dsRNA sense strands, the RNA sample was 
treated with T1 RNase Th< cDNA sa irons were per- 
fc-mtea m separate tubes using 200 ng of total RNA and 
t in» s specific for tl RNA e ~D lA prod 
acts- of these reactions were used as, templates tor sub- 
sequent PGR reactions to amplify GAPDH the target 
cDNA, and/or the sense strand copied from the dsRNA. 
All RNA \ stive to ho m>rnai control, 
GAPDH. 
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b i if. I f> u r ^ icseptificaticn 

[01403 To i i i ecieci Lv a 

dsRNA js ng a iy c' tee it i > 

transacted cells if using is non-integrating dsRNA sys- 
tem) according to methods well Known to the skilled ar- 
tisan. The ctsBNA ei •■ iing sequence of each integrant 
(or non- integrated dsRNA moiecule if using a nosi- li- 
brary based method) is amp tied by PCR using primers w 
carta tiaig the sswtuence maf pin j to the top strand of 
the T7 prom nyotr iot sed to express 

t it a^ tN A *ti i i fnt >a< ling 

v > of tj h t p L j fp.). ar j the 5 

sequen set Seqt rre i pa juences in >5 

GenBank and/or other ONA databases to look for se- 
quence identity >r homol I noami computer 
programs, if the target mRNA remains unknown, the 
mRNA is cloned torn the tat • < ei ing primers 
derived from the cloned dsRNA by estal I < 
piques (Sambreok ef a/, supra; Target vahdariors is then 
carried cut as described herein. 
[0141] tt 1 . ;RNA expression sys- 
tem described above, despite efforts to reduce negative 
position effects, inefficient dsR.RA synthase by p CH & 
methods may occur. Trim can be circumvented by res- 
cuing the integrated cQNA or randomized nucleic sc- 
i< teng piast rids Rescued plasmids 
are amenable to amplification in bacteria and to se- 
quencing, Rescue is achieved by re-transtecting the oo 
population of ceils transfoctect with the dsRNA expres- 
sion library with the rescue plasmid and a ptasmid en- 
coding Cre recombinase. The rescue plasmid carries a 
bacteria! origin of replication, a bacterial antiblolw se- 
ieclion marker, an SV40 origin of replication and an 35 
SV40 T antigen expression cass«tt«, as well as ioxP 

dtatad doubl tioi < 1 based me i of 

replication in I i s < l <• i pis < ion of 

rescued sequences m the integraled ceils. Following 
rescue, higher levels of transcription are anticipated, 
thereby savoring cisRNA formation. Tm cells are then 
screened far modulations in cell tuner ice, target nucleic 
acid expression o target pr , < sgica activity 
changes as describee' herein. 4S 

Example 7: Prevention of an Interferon response du-'ing 
ganc^tenctng 

[0142] As discussed above, during the above-de- so 
scribed screening methods, induction of an interferon 
response is not desired, as this would lead to call death, 
anti-proiiferative responses no si! to prevention 
e a litest, tg. One of the com; t of an interfer- 
on response is the Induction of the nterfcicn indt cod 55 
protein kinase PKR, Suppression of the interferon re- 
sponse and/or the PKR response ;s deseed in the target 
cells Trio a Q r \ st abed he re n 
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are performed siich that mi teroi .sparse sac: 
included. It is recognized, however, that certain condi- 
tions migi pr wi J tt it tt f ron 
response. To prevent such a response, a number of oth- 
er strategies may be employee with any of the above 
described screening methods to identify a nucleic acid 
that . i ■■ ss-O'i or the 
polyps i > 5 hc ivity ( a a ff as described 
herein. 

[0143} To prevent an interferon response i a a system 
involving stable integration or the nucleic acid containing 
the dsRNA expression cassette the vecto s used to 
generate either tine foxP integrant cr the vector that en- 
codes tee ds.RNA expression cassette are designed to 
contain sequences that encode proteins that block the 
PKR response, such as the Vaccinia virus protein E3 
(Romano of at Molecular and Cellular Biology 18' 
r 304-/31 ! te< >:;tonN M35339J, c icelluia 
protein PSB^. which tne influenza virus mobilises to 
block PKR (Gate ei ni. Microbiology and Molecular Bi- 
ology Reviews 64-233-280 2000; Accession Mo. 

XM„032882). Severai other vira! proteins have also 
been identified {e.g. Hepatite: C E2. Accession No. 
S72725) and may be similarly used. These proteins can 

through the use of any of a number of commercially 
m J mamr 1 i i i vectors or vertebrate 
expression vectors. Such vectors can be obtained from 
, i , •< nufa r ■ ,i 

(Carlsbad. CA) Prcmega ((Madison. Wi) or Cicatech 
(Palo Alto, CA). An example of such a vector is the pCi- 
neo Mammalian Expression Vector from Promega. 
{0144J Regar e whetha « lei icld encoding 
a dsRNA is stably integrated into a chromosome or is 
not integrated into a chromosome, the following meth- 
ods may be used to prevent an interference response 
mat y >tth< s r In In r lit vendor:. 

In one example of ar 

terfercn n the target 

cells using a dsRNA species iit ed against the mR- 
NAs that encod , tt i vedinth response e 
sirably interferon response promoters are silenced us- 
ing dsRNA. Aitemahvety, the expression of proteins that 
bine the interferon t pot 1 ig 

dsRNA techniques. 

[0145j In an altematr/e strategy, interferon and PKR 
Knockout ceil lines are area dtl ig approaches uti- 
lizing expressic i hat encode an sntisense 
RNA an . - mRNAs that 
lh l Iil j' vol pense loekot 
-oils are cr d r nr c h i •!- 
gt rsnp t 1 t Iter target se 
quencesus-^ Hf c as comp ex- 
es ol RecA protein and single stranded DNA homolo- 
gous to hetai r r * el 
rttn n IRE) s tees ces that < no % tran- 
- meter 

and/or gene see 1 I > on- a the PKR 
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and interferon p . r f , . rolccu es that 
are targeted for Knockout. 

{0148] iny wcte- 

ida i v i rt nee Methods 

for inhibiting ex t I through chimei 

icoligonr ie- i ! wnintheai (Igoucheva 

andYooi Hut i - ierapy 11:2307-2312 ? 00Di 

Example ^ fu im -i - - ; o> cell imns or, 

£0147] Ceil invasion is one cell function that may be 
evaktatt it 1 that are mociu- 

t tf lmi j the rib 1 herein. Matrig< a 

biological extracellular mathx hiss ptopoities similar to 
Ite! oi J reec is luh I basenw bran© ; id has 

been used to measure the swasfve potential of tumor 
cells (Piatetand Garcia. sup/a} Galls transfected witn 
randomized or aONA libra! as that m vc oecn ctoned in- 
to PTGS vectors are monitored tor their capacity to in- 
vade matriye! invasion chambers. Ceils -hat have taken 
up sentiences unrelated In invasion invade the mafrigel 

ao efficiently as vector-transtecteci control cells. Celts 
t/ f riencirig PTGS of i invc v< i in eeli in- 

vasion invade much less efficiently, if the dsRNA ex- 
p ssioncasset r 3 ir rnos< me. 

tioit cells ar< s - scond I third rounds ot 
selection are carried out in order to Isolate specific nu- 
cleic acid sequences relevant I© ceil Invasion. The effect 
ot these sequences on invasion is ultimately confirmed 
by their ability to block the formation of tumors in animal 
models. 

[0148] Several human ceii lines, for example. 
MDA-MB-231 used by Plate* and Garcia (supra), 
SKBrS. and MCP7ADR. a more metastatic variant of 
MCF-7, MDA-MB-231 breast cancer ceils (obtained 
from the American Type Culture Collection) are also 
t i ted wi 1 i idon'mood lueleic 

add libraries constructed :nlo the vectors oescrioed 
above. Destr at ni lis assay contain a single 

copy of a transferred gene, as desctibed above. 
£0149} Cells cuilmed in comme-xlally available 24- or 
SS-well formatted systems are used to carry out the cell 
invasion assay. As this screening protocol relies upon 
repealed rounds of soioekom it may oo desirable to keep 
the cell r ji it r , v , t ugh that onhci 
meet is seer n each sua j /&\ bigt ough 
to recover sufficient cells to culture within a reasonable 
time pence. Therefore, culture conditions that result in 
invasion by greater than 50% of the cells ana that still 
permit recovery from the surface of the matrtgsf are 
made optimal. Non-invasive ;NIH3'"3celis) or poorly in- 
vasive (MCF?) cell lines are analyzed in parallel as neg- 
ative controls for invasion. 

[0150] Intiallv t „ ot utes ot half-log order di- 
lutions from 10 s to tO 6 ceils per well are plated. Ceils 
are then recovered by "scrubbing" with a sterile cotton 
aw; bin resh culture media t ce< odinto ')% we!! 
plates The number of invasive ceils in ;he man-pet is 



que.nt ncd usnq ci hoi sn Ml b 
and Passim; otechn s 1043, 1 898) or a 

fluorescent indicator (Gohlsef a/. , Clin. Exp. Metastasis 
14:451-456. 1398). 

s t-0151} Once the appropriate ceil densities for the as- 
say ha b stat ransfeci 
ed ce s ire pla >d i the matrigt • si invasion oh; n 
her-, Eacf e:<f iciudi wing cor ti Is 
asarrploot i I 

« u n trans fscted calls treated with anti-invasive chemo- 
thaiaoeutiC agents, such as laxo; or doxorubicin, as a 
i ive onf ii i --lis ran fe t 

ad with empty vectors to confirm that the vector alone 
had no c'fnots >n invas nd ells ratisfcc xl ce 5 

say, such as estrogen receptees! or 7MP-2 {Kohri et 
at Cancer Resoamn 55:1853-136? 1935, and Wood- 
house et a/,. Cancer {Supplement) 80:1528-1636, 
19S7). 

20 [0152] Calls that fail to invade the matn'gel are re- 
moved tram each well !o the corresponding wells of a 

96-wesi plate and cultured until macroscopic colonies 
are visible, ft is important to collect cells at mora than 
one time coin; after ptaling. since the tone it taxes for 
& PTGS io be effective may vary, and it may be that dif- 
ferent genes are active at different times after plating. 
Once the coils are transferred to 96-weii plates, they are 
diluted out and taken through successive rounds of re- 
screenincj in the invasion assay in order lo expand and 

30 isolsteceii lines with altered invasive ability. As the pop- 
ulation becomes more and more enriched for celts with 
a non-invasive phsnotype. the reduction in invasive 
s -i ir i t i i i fiedviaMTTor 
t trgepat el of cloned 
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scribed above except that multiple rounds of selection 
and re-screening are not necessary since the coll Is 
tranefected won only one dsRNA species. Tries, trie tar- 
getfs I of the PTGS event is readily identifiable using the 
cloning and sequencing i i. fescribed above 



(l o ^ l I t HIV US I ' 

dsRNA and inhibitors of the interferon response 
pathway 



[0154] Di ir ; n i t n tn viral ge- 

nome is reveise traiiscubed into a DNA template tlml is 
in g ated ito the h i nt acted dividing 

cells. The integr it sd c< ■> nos\ a blueprint from which 
more HIV particles are made. Several cei! lines that con- 
tain integrated copies of a detective H;V genome, 
HiVgpt (strain HX62} have bean created. The HiVgpt 
genome contains a deletion of the HIV envelope gene: 
ail other HIV f Fhe plasmid u co 

Eo create fee o all tins Vgpt. w btained from he 
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AIDS Roce 5 Program Cat- 

alog Stably int with human 

t uL ir \ ! u ci«i3by 

transacting ceils with the pta.enad followed by setecfion 
of cces in mycoptienoiic acid. The HlVgpt genome en- 
c jobs a mycoc j A tat e gene i 

j. a if th nv i i iters e sist 

ones to MPA. Cells resistant lo fvtPA were cionaliy am- 
plified. The mea-a from the cultured elcnaily expanded 
cells was assayed tor the presence ot p2A tan HIV gag 
' j i giibe th l e t ■ i -> - nes 
were positive for p24. as assessed using a p24 ELISA 
assay Kit (Coulter, f-'uliencn. CA) The celt lines also 
n>s t intj i to cu d nto 

infectious partictesby co-expressien of an HIV' envelope 
protein. 

[0155] The I tiVgpt coll lines are i;sed as a model sys - 
torn vt th whi< -> late Hi V expt on via 
t ! lis " 3t i j 600 nt sense Ri A , 0 cg 

ni antiserum RNA. or a 600 bp double shanded RNA 
(dsRNA), mapping to the same coordinates ot the gag 
gene at HIV strain HX82 are used to transfect ceils (the 
n> i n vt 1 t Is found at 

GenBank Accession number K03455, HiV(HXB2), com- 
plete genome, and the gag RNAs used in this study reap 
to coordinates 901-1500}. Expression of ihe RNAs is 
from T? RNA polymerase promoter(s) located at the 5' 
end of the gag sense strand, at the 5' end of the anti- 
sense strand, or at converging positions at the 5' ends 
o? both the sense and anti-sense strands, respectively. 
These encoded RNAs are not designed to be able to 
make protein (i.e.. they do not have a sap. a poly A tail, 
or the native initiation coden). Transcription of the RNAs 
is catalysed by T7 RNA poiyine-ase provided from a 
second co -transfected 17 RNA polymerase expression 
piasmsd Centre ptasmicls expressing a similar eyed 
sense RNA, antisanse RNA. and dsRNA derived from 
the gO gene of an HSVS genome are inducted as ex- 
perimental controls fgrhe map hem which ihe coordinates 
are based is found at GenBank Accession number 
K01408, HSVgD2 gene, and the HSVgD RNAs used in 
this stuey map to coordinates 313-872). 
[01 58J Cells used in these studies are transfer: ted wit n 
en expression pi ami tgagenef oduct mwi 

toi tertsrswiti \inducedi eron spon e 

or with the <Rrespon ve Th ells 

ere transfect! with lip t tree fit.) is a 

c hntj agent according to the manufacturer's in- 
structions. 

[0157] Two jays ftet i >ciion tha cells are hut - 
e-sted i - d j into six-well plates and cultured to 
approximate . c ere Cells are co -trans- 

fected win tot I i , t ion piasmici 

andoneof heRNAexpue^ i i such thai one 
well of cells receives the T? RNA polymerase expres- 
sion piasned ai 3 e 1 (| i^n ra\ 
mid; one ve! > * io T7 RNA polymerase 
expt ess on p Rt\ A expres- 



sion plssmid" one we . :s the T7 RNA 

polymeraseexpnsss or pi tst id tnd hegag dsRNA ex- 
pression plasroid; one wet) < II r< elves the T7 RNA 
potymeras e* the HSVgd sens* 

s RNA expression piasmid; one well of cells receives the 
T7RNApo!yn rt ' i-nothsHSVgd 

aniisense RNA expression plasmid: and one well of 
cells rece \ - -T RNA j lymet nexr. ess n ptas 
mid and the HSVgD ds NA \ r 1 piasmid tans 

w fectton :s agan nee ■ setamine (Gib- 

co-BRL) There also is a eeottei group ol cells receiving 
no RNA The oe'is are n syr hesis c ^ ir 

the course of several weeks. The cells are assayed both 
by f tc isurii 5 p?:4 in th ed ' 5 {using t « p?:4 

15 ELtfSA kit from Coulter, according to the manufacturer's 
instructions} and by immunostaimng fixed ceiis for p24 
using t i ibb 1 ntl-p?A se and a it rrabb 

IgG that is Fife conjugated (Sigma). None of the gO 
RNAs specifically shut down p24 synthesis. The double 

20 branded gag RNA significantly down regulates p24, 
Tn^ s.t r r nly a modest effect en 

p24 synthesis and some of the effect is predicted tc be 
through the ability of the sense and antisense gag RNAs 
to generate low levels of dsRNA species. 

Examee 1C Dows e , a 0 >SA t 

human Rhabdomyosarcoma cells using intracellular 

expression a'- osRN A 



30 (01 58] HO cells transiently expressing prostate spe - 
cific antigen (PSA) were transfected with a T7 RNA 
polymerase expression vector and 17 RNA expression 
vectors expressing PSA dsRNA, PSA sense RNA, PSA 
aniisense RNA. or control RNAs. The ability of the ex- 

35 pressed RNAs to downregulate PSA expression was 
assessed, as described further below. 

Cfleaffefi of a tmnsisnt PSA expression lino 

-io [0189] The bilftj ,n .> <p session of PSA 

foilowing the expression of a PSA specific double- 
Stranded RNA (dsRNA) was demonstrated in a human 
rhabdemyosarcema eel! line. Since available PSA cell 
tines are difficult to work with [i.e. , they are hard to trans- 

& feet, and the cells tend to dump) , a h uman cell line tran- 
siently expressing PSA was created To create these 
cells, human t 

transfected with a PSA pi asmic -based expression vec- 
tor, un Jet < 1 • ctton of c 

53 than 96% of h>* .0 is 1 ns ctio w«s mediated with 
it gofee: amine transfeeting reagent tGioco-RRt.) accord- 
ing to the manufacturer's instructions. Expression 0? 
PSA was directed by the HCMV-1E promoter and the 
SV40po!vau. , n i i -1 (Fig 2). PSA expression 

55 was measured in the supernatant of transfected cells 
using a SAl vl cog nee Diagnostics 

Cambridge, MA). No PSA was detected in the untraos 
1 f 1 '< < 1 m PSA A'as ahundantiy ex- 
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pressed in cells receiving the PSA expression vector. 

Do\ i 'at/on ot PSA expression 

[0180] Tie : * is used as a 

model system with which to demonstrate the downreg- 
t aiiofi of PSA > > ■ - y PTGS. In these studies, 
piasn t- jncc « at > „• >• t >t ■! • )nt sense RNA. 
a 800 nt antisense RNA or a 600 nt dsRNA derived from 
a PSA cONA were used to transfactthe PSA expressing 
cell lint (i-icj.2). E> ' f > root a T? 

RNA polymerase promoter (s) located at the 5' end of 
tine t-SA sense shand. at the S end of the PSA antisense 
tutd, ot atcot i jn the 5' ©no's of both 

f it sense and ant t iv« iy Pig - 1 

These encoded RWAs ere not designee to he able to 
make prolem (they do not have a cap, or a poly A tail). 
Transcription of the RNAs was catalyzed by T7 RNA 
polymerase, provided by a co-transtectsd T7 RNA ex- 
pression plasmid Centroi plasmies expressing similar 
steed senst R JA talis m -RNA ooi ved 

from the glycoprotein D (gD) gene of an Herpes simplex 
a (HSV-2) genome, an described above were included 
as experimental controls. 

[0161 J Cells used in these studies can optionally be 
transfected with en expression plasmid encoding a gent; 
product (mown to interfere with the dsRNA Induced in- 
terferon response or wish the PKR response, as cfe- 
seebed above. The eeiis are transteoleci with lioo- 
fectamine (Gifcce-BRL; as a transfecting agent accord- 
ing to the manufacturer's instructions. 
[0182] Human rhabdomyosarcoma oeits were seed- 
ed Into six-weit ptates and cultured' to approximately 80 
to 90% confluence. The calls were cc-transfected with 
^A) the PSA ex ip t neoftheT7RNA 

express or j t e "7 RNA polymerase 

express-ion piasmaf. snot' that all PSA expressing ceils 
were transfected with the T7 RNA polymerase expres- 
sion otasmid and one ot the following- the '17 sense PSA 
RNA expression construct, the T7 antisense PSA RNA 
expression construct, the T7 dsRNA PSA expression 
construct, the sense HSVgD RNA expression construct, 
the antisense HSVgD expression const rue!, of the dsR- 
NA HSVgc expression construct. Ceils received identi- 
cal amour eel A mid and t to 7 
RNA expression pJasmict. The amounts of theT7 RNA 
expression plasmids were also constant amongst the 
transfected cells. Total DNA per transaction was held 
constant at 2.5 ,uq ONA per one well of a aix-wrsii plate 
In those tra - 17 RNA ex- 
p ess m >lasmid m tt r l > was used as 
fTer DNA. Transtecifcn was mediated by "potest amine 
(Gibcc ; f». i ling to the u-n jfurefs instruc- 
tions. There was also a control group of untransfected 

=>l! as well i i t ir cell 

transfected with only the PSA expression ptasmio m 
combination with the T7 RNA polymerase expression 
piasmtd. 



[Q163J PSA express r - net ransfect 

ed with the T7 RNA expro s :on i as well as eeiis 
transfeciou v, < 
mid all exp essec - m dan' y arc a; comparable 
s leva's Cells t sd with ths sense it tisense and 
ds PSA RNA <i n plasmid < ubtted varying 
degrees ot inhiDifion o ; PSA expression A 5%-f 0% re- 
duction ir ex) ;ss * een i > s expressing the 
PSA sense RNA, a 50% reduction was seen in ceils ex 
w pressing the into ^ I m greater than 95% 
reduction 'ass tp he PSA dsR- 

NA r j i Th< t - iv n two days afte 

transfeetion and continued up until the test time point 
t \c t c to i i r in: PSA level; wo e 

'0 i , i i t cells id tn lx 

pet Ter w 1 P^A centn s 

as we a ct s transfected v h ie 77 1 SV ? c, 3 con rol 
Rh <v sxpres ion | i 1 f PSA abends tt 
tyand jtcompara I i indfcat lite spo- 

on .i v dsRNA effi ors siienc gene expression 
During the one of month culture, celis were expanded 
irtto larger cultures at routine intervals, 

f01t. 1 i 1 R t t 

n nt inhibiho of SA express 3 ntisense and 
& sense PSA RNAs also induced seme level of inhibition . 
Antisense PSA RNA has the potential to form dsRNA 
by annealing with PSA mRNA. Therefore the inhibition 
seen with aniissnse RNA may be explained by both an 
antisense mechanism and a do RNA induced inhibition 

39 A critical intracellular concentration of both antssense 
RNA and mRNA is required to generate dsRNA. Since 
much less dsRNA is marie in the antisense RNA ex- 
pressing celts relative to those cells designed to make 
n of PSA in the antisense RNA 

els required for efficient silencing have not been 
reached in these cells. We nave else demonstrated that 
a small amount of an1iseri.se RNA can bo found in oetts 
transfected Vv tft oj 

-io 02% the amount 0? mRNA steady state levels). Anti- 
sense expo 0 sprr ibly van by cryptic pro 
n tors on h( nomeodi 1 )NA tra « fhe t 1 
served sense RNA inhibition could therefore also in- 
volve a dsRNA molecolo RNA from transfected but on- 

■■5 treated cells could also bo analyzed to determine if the 
tow level expression of antisense RNAs in these cells 
results in too production of detectable sis RNA species, 
be tte low c PSA occurred in ceils ex- 

pressing---' . ma percentage 

so c cells did I. takf i\ tsR iipressi! t cassette 
0 that the (hi 1 1 INAwer no? reached 

in some ceils. No catiuln , . s en wtth any 0? 
thedsRN* • e-st^r vectors 

suggesting drat cytoplasmic expression ot dsRNA does 

55 not induce the interferon response. In contrast, cell 
death is induced when certain concentrations of in vitro 
produced dsR A - 5 m ransfet ion 

with certain oatiomc lipids 
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[0185] Ir sun t i ii 'i tt 'ii PSA 

derived dsRNA is much more efficient than PSA ami- 
r PKn ui i j ession. (ii the 

'i i , h i 

t * f < i 1 i nveddsRNA 
induced ctown-reguiation of PSA, and (iii> there is no iox- 
k v *ss k sled wit > le < ressienol ji g 
(800 bp) dsRNA molecuies. Additionally, these experi- 
ments are the first demonstration of cteRNA mediated 
down-regulation c i in nun net ne 

F> np - 11 ht . . t ii, tr g.n ^ m itd RNA; n-- not 
induce tne type 1 intension response (RNA stress 
response), 

[0166] Human rhabdomyosarcoma (BO) ceils were 
t ted with vat - 1 ion vec ors 

suchtl stdsRNA c r ran fee d cells 

as described in Example 1 0. Transcription of dsRNA oc- 
curred in the celts within 24 hours after transaction and 
cor ir tt ri ft the inrati r tt» t irl i 
Cells and the supematants from transfected celts were 
analyzed dui ng the cc » > ir tern o my 

evidence of RNA stress response induction :\o evi- 
t n<< Si * fre r\,irj aim 1u a by intracellular 
expressed dsRNA was observed. RD cells have been 
shown by us to be responsive to type 1 interferon, both 
aipha and beta, and thus RD ceils are capable of mount- 
ing an n NA st - i nonss In ad 
trcte were included in these experiments , A positive con- 
trol for these experiments is a method of delivering dsR- 
NA which induces the RNA stress response, All positive 
controls induced the RNA stress response. These ex- 
periments are described further below. 

\$$ay pe ' • dt ie > RNA stress response 
induction 

[01 67] I he ' .', e pe tot med to meas- 

e e 'ho indu ;t >r of in RNA stress o TUN: 
assay to detect apoplotic cells. ELISA assays to detect 
the induction of alpha, seta and gamma interferon, li- 
posomal RNA fragmentalior; analyse to csefett activa- 
tion of 2'5'OAS. measurement of phosphorated clF2a 
as an indicator oJ PKR (protein Kinase RNA inducible) 
actsv i) o i prolil 5 h fi jc_ t ir a 

tt tar jfi , ^bi ru lysis of ells t s 

id-- itity colli t < i ' ects. Apoptosis ttorfc c i 
inaucfion. 2'S' OAS activation PKR activalicn anti-pro- 
liierairve responses and cytopat n effects are d fl indi- 
cators tor the RNA stress response pathway 

'a', tertian of cells 

[01 S8| Apj RD cells we>-c seeded in- 

to indK deaf wells of six-well Cells were tsans- 

fectedwhen hey cached ai ( fluency Cells 

were iransfecie' vil ii RNA posy erase expression 



construct and a T7 dsRNA expression construct. The 
T7 dsRNAexp i ' i - converging!? 
promoters iocsied on s 0 bp so til e ic< 

(Fig, 2). Cotili i i tsow*hthe?7 
s RNA oxpi^ tl re a o hat no dsRNA is 

made in the c lApertr sfection was held 

onst nt a - r <g ON A pe: one w well platt 

When the T7 t ; and T7 dsRNA expre* • 

sion vectors were both used. 1 25 p.g of each DMA was 
w used per transfection, In those trsnsfections wnete 
there was no T7 > > > nstrsjct, inert filler 
DN A was used to bring the t otal D N A t o 2. 5 i i g pe r I ra n s - 
I tv <■ ^ -ti >e was mediated using Uptfectemine 
(inV rogen) I u t s dir >etion 

'5 Tr pit itivi ti i • i ' eluded po;y( I }(C) 
RNA and m vitro transcribed dsRNA of 600 bp that were 
t nth i I \ c v th t i t it a tto 

cells. The celts were transacted with in vilro transcribed 
st RNA con £ vitii Lipofect mt»d e 2.5 ug of each 
so RNA ws used) f * ri f if c t rols ncludad 

untreated cells. Ceiis were kepi in culture for one month 
by expanding Into larger flasks as the ceii numbers in- 
creased. 



[0169] . is- 

fected and untreated ceils at time points ot 1.2 7, 17, 
ana 48 hours ana every several days for up to one month 

30 after the 43 hour time point, Collected supernatants 
were stored at -80-C until they were analyzed for the 
presence of alpha, beta, and gamma interferon using 
. ' - av 3b!> ELISA its The ii tr t !f n alpha 
ELISA kit was obtainedfrom ENDOGEN (Rock-ford, IL), 

35 the Interferon- Beta ELISA kit was obtained from RD1 
(Flanders, W). and the interfsren-cjamma ELISA kitwas 
obtained ton R&C Sysl I ( )l s\1\t F I 
sA^ a r allp f g I i ism m t a . - 

d c.itorj A i and gamn terteronwere tot 

*o delected at increased fevols in cells expressing intrac- 
eilular dsRNA compared to trie corresponding leveis in 
untreated cells. However consciembie levels of beta in- 
terferon were found in ceiis Sransiected with poly (i}(C) 
or with in vitro transcribed dsRNA and ssRNA. Alpha 

-•'r interfere an 3tee< with ins 

Son of the RNA stress response, 

TVNEL assay 

ss [01703 Cells were shsneo tor trie presence of apop- 
lotic nuclei using a commercially available kit, TdT 
FragEL, DHA Fragmentation Detection Kit, In Situ Ap 
optosis Assay from Oncogene (Boston MA). Cells were 
stained according the manufacturer's directions. Ceiis 
SS were stained at 2 hours, 7 hours, 17 hours, 2 days. 3 
days, 4 days and 5 days after transfection There was 
no evidence of apoptosts induced by intracellular ex 
a esses jsRNA - 1 f t - nalys i Row 



20 



& EUSA assays 
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ever, the maj fir), sly [ }fG) or 

' - teRNA we e apeptotte by 

17 i jrs rtf tt it sfe ic f- i. / i j i 

was observed in the untreated celts or in cells transfeci- 
cct with ssRNA. Apootoss is an end result of the indue- s 
f ion of the RNA s pathway 

2SVAS activation 

[0171] fie \c v t AS wt determined by « 

performing fibosomal RNA fragmentation analysis. 
Briefly. ;"oiiowing rnms.foction. tc.-t^st RNA was extracted 
from cells using standard procedures RNA was extract- 
ed at the following time points. 2 hours, 7 hours, 17 
hours AS ilu s teys 1 days j fays after t ms- '5 
faction. 5-10 jig IA us analyzed each ss note 
RNA samples were first denatured in fonrsaidehydedoe 
mamide RNAs 1 65 ,;, C tor 1 0 rmnu pe 

to being electrophoreses through 0.5X TBE agarose 
gals. Bibosomal RNA was visualised by staining with *f> 
ethfriium bromide followed by ultraviolet •ransilliimina- 
tion. Riooscmal RNA fragmentation was observed :r. 
cells transfeeted with eoly (l)(C) and with the in vrtso 
transcribed cteRMA. No fragmentation was observed in 
the untreated ontroi ells transfer d with ssR 55 

NA, or in cells expressing intracellular dsRNA. These 
results indicate that 2'5 f OA8 was not activated by dsR- 
NA when it was made it i 1 j \ a ion 

is associated wit! idoi ra .mtioncfthaRNAsfress 
response pathway, 

PKR activation 

[0172] The activation of PKR was determined by 
measuring the levels oi elCrOalpha phosphorylation. 35 
Briefly, ca Is were ysec t ft i transac- 

tion (2 hours, 7 hours, 19 hours, 48 hours, 3 days, 4 
day.?, and 5 d ays ; - k n) =tr an ily; nd fo 
levels of phosp \ >nory -rind t f-'2 

alpha The pmioco; tot lysine colls can be found in the *0 
following reference Zhang f ef ml , J. Biol Chem. 278 
(27! 24946-58, 2001. This analysis was performed as 
described for delecting PKR phosphorylation except 
that antibodies specific for phosphoryiated and non- 
pnospnorylatedeif urn, e used. These antibodies 
are available ire;) m;li Sig 1 i T< ]y i Beverly 

MA), 

CytoptutUc effect and mtiptotiferativG responses 

ss 

[01733 Cytopathlc eiteet was assayed by analyzing 
cells i ;to, r microscope, Celts 

were anr- y<.ec at dally Inte fie course 

o? thee* netimen thi effe> tec us at yof 

ail of the following mlace of well/ ss 

ttask, ceils rounding up, en increased number ot vacu- 
oles in ! are U. -'i f -\ the control un- 
treated cells, or differences in morphology of cells with 



respect to the untreated control cells. No cytopathlc ef- 
fect was seen in those c« - pi ssing ds RNA intrac- 
etiularty Sc er if i » a s, 

Iransf acted w«h Poly fl}(C) or with dsRNA made in vitro. 
Cytopathtc effect is assc 3 wit t RNA stress ic 
spense. 

[0174J Antiproliferative responses ware assayed by 
measuring the division rate of cells The division rata is 
determined by counting ceil numbers using standard 
procedures Sells w< > oi ited every few days for the 
Curd not the experiment. No anlipro! ivt respc is- 
es were seen in celts expressing dsRNA intracellulary 
Ai ip iferafiv < , wit t s RNA 

stress response. 

Summary of r&siitts 

[01?5| The results of the above assays indicate that 
in r tceili n ext re ii 1 I R s A doss not induce the 
RNA stress response The cells thai were usedfanbese 
experiments were competent for RNA stress response 

induction as was demonstrated by the ability of eationle 
lipid compfoxed r, ,i « d in vitro transcribed RMA 
to induce/activate all tested components of this re- 
sponse r «i - he were found to be respon- 
sive fo excg re j < nterfeton icse a ,i ts im- 
ply that tf Us used! expense n(s are not de- 
le , v fi he a b to rneunl an RNA stress response 
and therefore can be used as predictors for other cells, 
both tn cell culture and in vivo in animal models. This 
method described here, which does not induce She in- 
terferon stress response, has been found to Induce 
PTGS. This method therefore provides a method to in- 
duce FTGS wilhout inducing an undesired RNA stress 
response. 

{01763 Although these results were generated using 
ave or th slut T in nj ) te- 

fore expresses dsRNA in l he eyloplasm the vector sys- 
tem can be changed to other systems that express dsR- 
NA Intraceilularly, Similar results are expected with 
these expression systems. These systems include, be! 
ere net iimiied to, systems thai express dsRNA er hair- 
pin RMAs in the nucleus, in the nucleus followed by 
transport of the RNAs to the cytoplasm, or in the cyto- 
plasm i ing i F-f\A 
systems. 

?^iieT£eo^^ 

relative ' d-^RNA and 

delivery agent 

{0177j it inons end ratios o K 

NA to a delivery agent such as a catienic lipid, eationle 
surfactant jr oc .:, n< sf te ■ ■ j r eon sdily determined 
to achieve tow to - sffiei ndu j it si 
fencing using m vitto or m vivo produced dsRNA, 
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£3 

i > ingmtdm tolt iont lipid 

interactions 

[0178] atior lij )NA Mi • are eleefrosiat- 
fc. Electrostatic interactions arc highly influenced ay the 
tmr li cm r I tedtu 1 1 bHityfoforrosta 
b;e complexes is also eapendeal upon the iritermoleci;- 
ter interactions between (he lipid molecules. At low con- 
! mirations cert male iint c . preferred 

t higher Itpir con r t u i >ict condensates are 

foot co due lo hight dor i t > Atltf cue, i local 
interactions are similar in bean of Hiese instances {eg'., 
pnosphory! groups in the DMA and flie charged cafersfc 
t mu g ' jc i i aid a s r >id ifiioi )c on > 

are substantially Pilferer;; Similarly, straeturally diverse 
variants can be obtained sanely by changing the change 
ratio of the complex by mixing varying amounis of cati- 
onic lipid with fixed concentrations of the nucleic acid or 
vice versa. This variation m the structure of the complex- 
es is evidenced by altered physical properties of the 
on, »xes < t t - i,n ilion rig mc 

b itty or de tc v t t t of the particle, 

part 

//i ceo} (PachukerM DNA Vaccinas • Challenges in De- 
livery, Ct tort ' ) n Me * ri aapeuiics ' ?) 
188-188. 2000 and Pachuk et al, B8A, 1468, 20-30. 
(2000)) Furthermore, different lipids, local anesthetics, 
end surfactants dtffei at their Interactions between them- 
selves, and therefore novel comple> s t be k 
w'Ui differing biophysical properties by using different 8- 
pids singularly or in combination. For each cell type, the 
following titration can be carried cut to determine the 
optimal ratio and concentrations that result in complex- 
es that do not induce the stress response or interferon 
response. At several of these concentrations PTGS is 
predicted to be induced; however, PTGS is most readily* 
observed under conditions that resell in highly dimin- 
i toxicit 

Complex formation 

[0179] dsRNA is either produced by in vim transcrip- 
tion using the T7 promoter and polymerase or another 
rna polymerase, such as an E coii RNA polymerase. 
efe/?W4t-ti sis ism or ceil u 

ing endogenous polymerases. 

[0180] Concentrations of dsRNA. such as PSA-spe- 
cm dsRNA, are varied from 1 pgtoiO \xg. in some in- 
stances I50ngofap « idth; on des repohe r n( 
interest (PSA) io be silenced may be cornixed at a con- 
st i t* t 10 ng and 10 pg f'he onoentretion 
O i 31 Chit )id Ik t 1 1 Ik 

<ny othet -ra- 1 erac 

With the trade t a aned a; eac 

ofthecsfi\A centi s to yield ha go ratios of 
0.1 to 1000 {pt w j) ( i e the tanc of positive 
cn, ge from lip < f t a a ntstc icq itfyo: 
charge from ONA or RNA;. The complexes are prepared 



in v, or o ; ES ci ate 

Tris-HCI, Tris-glycine, malste. etc. at pH values that 
range from 4.0 to B.S), may contain salt {e.g.. 1 - 250 
mM), anc nay gl i sr trsha >se «y 

s lose, or other sugars (e.g., mono-, dh or polysaccha- 
ride! The a icturelsal i r 
i,e- . ih, c 30 1 linutes - lira - - aedindehr e\\ 
The complexes » 1 in serur free r ft - The 
n jc sic ic d and the tran ng i i nf may do mixed 

w either throug lit iddil ti r ah a slow mixing 
process, socti as across a diatiyaing membrane or 
through he use of a mi ■ tick era device 
tn at pair gs the i a i sola! on s i c gethei a1 a s ow rate and 
at low concentrations. In some instances, the two inter- 

and the final complex is concentrated using a diaf litera- 
ti a any t n i ng device. Alternatively 
trie complexes ate formed at nigh concentrations of ei- 
ther orboth! t i nts.thec mplex- 
& as may be dilated to form an Ideal transection mixture. 

Transaction protocol and analysis ot dsBNA stress 
response 

SS (0181) Complexes are added to cells that are -80 
-80% confluent m serum free media. The complexes are 
incubated for various times {e.g., 10 minutes to 24 
hou rsi with the cells at 37*C and diluted with serum con- 
taining media or washed and replaled in serum free me- 

so die. The ceils are monitored for toxicity and analyzed at 
various limes for signs of dsRNA response {e.g., TUN- 
NEL assay to delect nicked DNA, phosphorylation of 
£IF2a!pan, induction and activation of 2'5 ! OAS, or In- 
terferon-alpha and -del a) Transfecfcon conditions that 

as result in less than 50%. 25%, 10%. or 1% cytotoxicity or 
that result in a less than 20, 10,5, 2, or 1 .6-fold induction 
of a stress response are , nl,<- idle aterrnlneif PTGS 



I0182J '• - > tain levels are elermaaed In ceii cul- 
tutemediaa; tar fr thocfe he data is nomral- 
ized to the norrsoer of five cells in culture to determine 
« the co ic 3 q 3 to induce PTGS. 

Results 

|0183} Using h t n thod cationic lipid com- 
ss psexesofo^S f i toxicity at cents i ranges. With 

ijpefecramine as he cationic lip p it i 
charge ratios greater than 10 did not produce any de- 
tectable toxicity at any ot the concentrations or dsRNA 
tested and ind ed a h levei of PTGS, resulting in 
55 highsydc- A - is culture medium 

the RNA concent ration ranges tested were 1 pg to 100 
ng with a constant amount of iipofectamine (1 0 uL of a 
2 mg/mL solution from GI8CG-BRL Life Technologies, 



as DetOfminino induction of PTGS 
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Belhesda, MO) 

»-nj ' * ii i J J f A I J 

achvation of the RRA stress response paihway 

E0184J Cm® ° r " ■ " ' '< or E c ' Ei ' e RNA stress 
response pathway can be muWed or inactivated lo 
avoid Imiuction/aetivation of 1he components) by <feR- 
NA that is delivered to the ceil or animal tor the purpose 
of inducing PTSS. These components, such as those 
illustrated =n Fig. 4. can be knocked out singularly or in 
combination. 

[0185] Various standard methods can be used to 
k a okou on i - 1 1 espouse pad 

way, such as PKR, human beta inien sum Accession No. 
M25480), and/or 2'5'OAS (Accession No. NM...Q03733). 
4 ( i r mo < I it tierc i < 

sportse clement {IRE} sequences can be mutated or de- 
leted using a knockout construct designed based on the 
IRE consensu - ihislaii tn a! J interferon 

Cytokine Res. 2001 Jon gi{8):373-88.).. and/tee one or 
more transcription factors that btnd iRE sequences, 
sach as STAT: (Accession number XM. .010893}, can 
be rnutafeci or deleted. The;;;; methods include the use 
of snlisonse DNA/RNA. -'ibczymes or targeted gene 
knockout technology mediated by homologous recom- 
bination. One shifted m the art is able to design the ap- 
propriate anfisense sequences . ribesyrnes, and vectors 
for targeted knockouts, For example, targeted knock- 
outs may be prepared by any ot 
methods; Shibata cuiL Proc Nat! Acted Sci U S A. 200' 
Jill t7;Q8fi5}:S4t?5-32. Review., Muyrere &t at., Trends 
Biochem Sci. 2001 May;2S{5):325-31 ., Paul eiai.. Mutat 
Res, 2001 Jart 5:48S( 1 ! :1 1 -9 Shchetfoakova etal, Mu- 
tat Res. 2000 Feb 18:459(1 ):65-71 ., Lantsov. Idea! gene 
therapy apt > "is Mc die jMosio 

1994 May-Jun;28(3t:485-95, in Gene Transfer and Ex- 
pression ■• A Laboratory Manual editor. Michael Ki regie:, 
Publisher- WH Freeman & Co. New York, NY. pages SB 
-SO, 1990)., 

[0186] kr >c o it ce 1= an >e re Bdiiy e * e i i! 
through the use of art antibiotic resistance marker which 
when transferred to Ihe chromosome confers resistance 
to the cell or through me use of dsRNA itself In partic- 
ular. dsRNA (e.g., a high concentration of dsRNA) in- 
dot spopiosis i i j utantceil sur- 

vive dsRNA treatment because they cannot mount a 
stress response. Yet another approach involves per- 
forming the dsRNA-inducsd PTGS experiment in the 
presence of angeconcei i (dsDNA jo 

which is expected to titrate activated STAT proteins. 
These ciigcs can be delivered intracerllularty using 
transtectinc: agents or etectrcooration 
[01 ST] In another hod of prevenl g the interferon 
response re s (e.g., RD cells - n in fectedwithaT? 
RNApolymera anda'i ?dsRNA •• 

pressionve ' » isRNAt n gousfotfti u 
men protein kinase PKR oDNA (accession number 



EVI36663)o no q ence of any 

other compon< in * t a stress t jspoiwe pathway 
tn one particular exaT,; s . ending fo nu- 

cleotides 190 -2000 is encoded by the T7dsRNA ex- 

s preasion vecto The exprassi . tors are similar to 
those dese t wn in Fig. 2. ex- 

cept that the dsf if < t s derived ton 

the human pa n t se ? <R cOh A T ansfec ti >ti in 
RD cells is pei mod descrit din Example 10. Wit! 

w in 2-5 days oost t - - e tunct onaiiy 

PKR negative. 

Other Embodiments 

'5 [0188] From the foregoing description, itwibeappar- 

tha invention descHbsd hats n to 
ages and conditions. Such embodiments are also within 
the scope of the following claims. 
20 [0180] All publication, patents, and patent appliea- 
i i t n herein incorpo 

rated by reference to the- same extent as if each mdivis- 
■ or was specif- 
ically i t i ind , at. c to b< i po i ec by 
reference. 



Claims 

3o 1 . a method for identifying a nucleic acid that modu- 
lates the function ot a vertebrate cot!., said method 
comprising the steps of; 

(a) transforming a population of vertebrate eeiia 
35 with ii bh Era ded RNA expression library. 

wherein a; least two cells of said population ot 
cells ate each transformed with a different nu- 
cleic, acid from said double sttandee RNA ex- 
pression library, whereto said -transformed nu- 
•*> c eic acid is capab ' i tj o uble ; Ira ided 

RNA, andwnerein saidttartsformation arte said 
format on of dot a! eider R\A are carried 
out or jet on ji t Intubif tre\ mt an 

interferon response or a double stranded RNA 



cscic rcic d ce and 

SB it) assaying for a modulation in the function of 

said ce wherein said moduiat i id nt ie a 
nucleic acid thtif modulates the function of said 
vertebrate cell. 

ss 2. A rnetf i > c t il - < ^cid th =tt mod j 

-tea sx-pn - i ii verte- 

brate ce said method c>: i rsmg the siep>s of: 
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(rot t ns crming j vet obrite cells 
with a double st idedRN* <pression library, 
wherein at feast I ■ at id population of 
ceils are each transformed with a different nu- 
;ic acid trc - aioi< Jed RNA 

s Conned nu- 

ft acid is capable < 1 jL trended 

RNA ^naw.h ! itjon end said 

formation of •• . ran ?NA are carried 
out Lfnder conri - tt nl >itc prevent an 
interferon - 
stress re.-s,por:s, e ? 

{b> selecting a veneotate coil in which said nu- 
cleic acit 3 e> ess iri s sit e ;1 ii 'J 

'Or - ay igfi i n i t thr expression 
ola f argot nucleic ac:d it; ;;,nd ceil, wherein ;;,nci 
modu ition ider 1 f to tha modu- 
lates expression of said target nucleic acid, 

3. A method fc Jet it i m that modu- 
li -as the biologioeJ activity i target j , t " 

in a varfebraa II, said mettiec i 
steps of: 

(a) transfo iming a population of vertebrate celts 
with a double stranded RNA expression iibrary, 
wherein at least two celts of said population of 
cells are each transformed with a different nu- 
cleic acid from said double stranded RMA ex- 
pression Iferaty, wherein said transformed nu- 
cleic acto is ea b e stranded 
RNA, and wh,. on and said 

out under conditions that inhibit or prevent an 
interferon response or a double stranded RNA 
stress response: 

(b) selecting for a vertebrate celt in which said 
nucleic it 1 3 j id cell and 

(c) assaying for a modulation in the biological 
activity el a target polypeptide in said ceil, 
wherein said modulation identities a nucleic ac- 
id that modulates the biological activity of said 
target polypeptide 

4. The method of claim 1 , wherein at most one nucleic 
acid :S steely integrated into a enremesorne of each 
cell. 

5. Trie memos cf claim i , said method further com- 
prising: 

(d) ideot yir g sate by an inyit j 
said nucleic *eu - 5 said imp fit d 
nucleic acid, 



6. TnetTcthcdofcu-* . double strand 

ad RNA expression library comprises cDNAs de- 
rived from said ceils. 

s 7. The method of claim 1 , wherein said double strand- 
ed RNA ex; sion lit yc i * ndomized 

nucleic acids. 

8. The memod of claim 1 . wherein said double strand - 
w ed SNA expression library is 3 nuclear double 

stranded RNA expression library, 

9. The method of claim 1 . wherein said doable strand- 
ed RNA ex| ^ ii cytoplasmic double 



10. The- method of claim 1 . wherein said cell is a mam- 
malian ceil. 

20 11, Tha method of claim 10, wherein said aril is a hu- 
man ceil. 

12. The metnod of claim 10, wherein s&d ceil : s select- 
ed free ht , n is tr j of j cancer a icti! 

es of the immune system, a steer ceil, a neuronal cell, 
a muscle ceil, and an adipocyte. 

13. The method of claim 1 wherein said nueteic acid m 
contained in a vector, 

30 

14. The method 0? claim 13. wherein said vector com- 
prises an RNA polymerase Ii promoter, an RNA 
polymerase I promoter, an RNA polymerase ill pro- 
moter, or a mitochondria! promoter. 

15. The method of claim 1 5. wherein the sense strand 
and tt rded 
RNA are Iran 1 ' leioaciot us 
ing two convergent promoter's. 

16. The method of claim 13. wherein said nucleic acid 
comprises an inverted repeat such that upon tran- 
scription said nucleic acid forms a double stranded 
RNA 

17. The method of claim 1 . wherein said assaying com - 
prises measuring an event selectee from tne group 
- . tit a of coll motility, apeptesis. ecli growth, cell 
lev .son vasci tnzaJ cettcyeis event cell Jtf 

SC ererihal it u 1 i I 

general an, and the ability to supeor v rai 

replication. 

18. The method of claim 1 , wherein said double strand- 
ss sd RNA Is between 5 and 1 00 nucleotides in length, 

inclusive. 

19. The method of claim 1 , wherein said double strand - 
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ed FSNA 3 at ■ des tr length. 

20. The method of c&im 1&, wherein said double 
si ,3 ide ' es in length. 

21. The method of claim 20, wherein said double 

St K'ie i RNA is id f t 1 It It f'l It 11 }th 

22. The method of claim 2T wherein said doubie 
stranded RNA is at least 1 000 nucleotides In length, w 

23. A method fo; identifying a niideic acid thai modu- 
lates the i Jf ti h , rte el! M.d ;i at v. J 
comprising the steps of: 

IS 

{a) transforming & population of vertebrate ceils 
with a ctou&le t . IN mder conditions 
that inhibit ot prevent an interferon response or 
a doubts stranded RNA stress response, 

20 

■b) selecting a verteorafecell in which said dou- 
ble stranded RNA is expressed; and 

(ei assaying for a modulation in the ieitcfion el 
said ceil, wherein sain modulation identifies a ss 
nucleic acid that modulates she function of said 
celt. 

24. A method for identifying a nucleic acid that modu- 
lates expression o? a target nucleic acid in a verte- 39 
brare ceif. said method comprising the steps of: 

(a) transfo nning a population of vertebrate ceils 
with a double stranded RNA under conditions 
thai inhibit or prevent an interferon response or ,55 
a double stranded RNA stress response; 

(b) selecting i hsaiddou- 
s i ^ Jto HNA is expressed; and 

(c) ssaying foi i modulation in the expression 
of a target nucleic acid in said cell, wherein said 
modulation identifies a nucteie acid thatmodu- 
sates expression of said target nucleic acid, 

43 

25. A nethod c ucteicac d that modu- 
lates the eioicfjieai activity of a target polypeptide 
in a vertebrate ceil, said method comprising the 
sieps of: 

ss 

(a) iransfotming a population of venebrate eelis 
with a double stranded RNA under conditions 

' ihit f trammed sron responseer 
io • a • - o Cipmse 

SS 

(b) selecting a vi ebrat If H ft'hieh said dou- 
ble stranded RNA is expressed, and 



; as q eg ir an bto ■xjicj! 

activity of a larg c ' Je ir said cell 

wherein said mo ' dentine a nucleic ac 

id that modulati i activity c said 
target polypeptide, 

26. it ns hoc < <.! a i " i l 1 t r' i 

prising: 

id) identifying said nucleic acid by ampiifying 
--aid tucteic i i fs ampfi'i J 

nucfelc acid. 

27. The method of ofaime 23. wherein said double 
stranded P" 1 t i jm s ad celis. 

28. The method ei claim ?3. whenain said double 
stranded R IP i tv« 5 n 5 md 100 u eli ot l>. s in 
length inclusive. 

29. Tee method of ciaim 23. wherein said rioiibie 

stranded RNA is at least 100 nucleotides in length, 

30. The method of claim 29, wherein said double 
stranded RNA is at least £50 nucleotides in length. 

31. The method of claim 30, wherein said double 
stranded RNA is at leas; 500 nucleotides in length. 

32. The method of claim 31, wherein said double 
stranded RNA is at toast 1000 nucleotides in length. 

33. The method of clatrr? 23, wherein each cell Is trans- 
formed with at most one double stranded RNA. 

34. The method of cfaim 23, wherein ssideell is a mam- 
malian cell. 

35. The method of claim 34. wherein said ceil is a he- 
man cell. 

36. The method ot claim 23, wherein said population ss 
transformed wilh at leas; 100 mtTerent double 
stranded fi-MAs. 

37. The method of elaiei 1 or 23. said method further 
comprising: 

d id< nl hying said r l tn 1 moo il tea 

the function c? said cell. 

38. T ae method of claim 2 or pa. said me! hod further 

comprising: 

(0) identifying said nucleic acid that modulates 
expression of said target nucleic acid 

39. The method of ciaim 3 or 25. said me! hod further 
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comprising: 

d) den ify ng s j i , i J thai ncwSu ..Jt^i. 
t > t , i, , activity of said Mt j 1 1. j|,o t i j, 

s 
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Fig.1 
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Figure 2 




Untreated + Sense + Arrtisense + dsRNA 
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Figure 4 
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